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INTRonuCTIO.V 


vidiial  teachers  the  selection  o     1  '''''^'  '"  '"'*'- 

class  shall  be  required  to  H  ''f,''''P"""«n's  which  the 

Hi.n..r  Will  .sTKerstrS,  Xl^s  '  The"''^'?" 
ment  of  the  schools,  the  experience  of  ?h\  u  ^"'P' 
the  exigencies  of  the  .ime-ta™  e  L  tr S'lh'  fl 
seems  unwise  to    tiresrrih^   ^    a-  variable  that  it 

sotne    cases     would    he         f  '""    ^^''^''  '"""^le  in 

Most  of    he  exne  fmcm   '""'^  ""^='"»f'"^t"ry    i„    others. 

pupils,  soli::  zz7oi  ti:r'"'''.  '^  """^  '^  "^ 

a  few  probably  woJld    w  ''"'"''  '"'  "=«''".  «"<! 

formed'by  th'^Sel:,  ^ulTZr^^Tu  '"  '^""  '^'- 
'he  Text-boolc.  the  others  ar^n're  SuaP  "'"'"'''  '" 

and   Sirs   '^J^LlT  'T''"  °'  "'^  ''"'  -""'" 
Perimentst'fix' r       „erTat::Lr''^"r   '°   ''' ^^^ 
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(2)  Afid  reagents  gradually,  a  direction  to  pour 
a  liquid  into  a  vessel  does  not  mean  to  dash  a  lot 
of  it  in. 

(3)  Ncvei  bring  a  (lame  near  a  hydropen  reser- 
voir or  a  delivery  tube  carrying  hydrogen  until 
the  gas  has  been  tested.  This  applies  equally  to 
acetylene. 

(4)  Always  cut  phosphorus  umlo  water  and 
handle  it  with  forceps.  Burn  any  scraps  or  residue 
that  may  remain  from  cutting  the  substance  or 
from  an  experiment.  Keep  it  under  water  in  a 
glass  stoppered  lx)ttle  or  jar. 

(5)  Never  smell  escaping  gas  rashly.  A  safe 
plan  is  to  hold  the  hand  half-closed  over  the  mouth 
of  the  vessel  or  of  the  delivery  tube,  then  smell  the 
gjis  in  the  hand. 

(6)  Metal  deflagrating  spoons  arc  generally  un- 
satisfactory ;  cu;>s  made  of  chalk  or  of  plaster  of 
paris  are  more  serviceable. 

(7)  Floats  to  carry  such  cups  or  other  material 
may  be  made  of  a  flat  cork,  loaded  with  lead  on  the 
under  side. 

(8)  Corks  should  be  filled  with  vaseline,  and 
rubber  stoppers  that  have  bfen  in  use  for  some 
time  will  generally  permit  gas  to  leak  unless  coated 
with  vaseline.  Ground  stoppers  are  also  made 
more  secure  by  '.ms  treatment. 

(9)  Figure  1  snows  a  convenient  arrangement 
for  the  storage  of  gas,  such  as  oxygen,  if  regular 
gas  holders  are  not  available.  A  half-gallon  bot- 
tle (a  Winchester,  which  may  be  had  for  a  few 
cents  at  a  drug  store)  is  set  on  a  shelf  or  stand  and 
from  it  water  may  be  siphoned  into  another  bottle, 
B,  filled  with  the  gas;  cUps  to  control  the  flow  of 
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water  and  jjas  are  arranRod  as 
shown.  The  stc  per  should  be 
vasclined    both  the   outside 

and  at  the  perforations. 

(10)  Kor    the    preparation  of 
hydrogen   and   other   gases  th   '  "'"   ' 

do  not  require  to  be  heated,  l  '  ottle  is  a  service- 
able generator  (Kig.  2).  In  the  preparation  of  hyd- 
rogen, a  safety  tube  should  be  used.  In  the  figure 
the  funnel  tube  serves  this  purpose  and  permits 
new  acid  to  be  introduced. 

ill)  llottles  of  about  4  oz.  capacity  s-jrve 
very  well  as  test  tubes  and  gas  holders,  when  heat 
has  net  to  be  applied  to  them.  Test  tubes,  beakers 
and  flasks  are  frail  and  are  liable  to  become  expensive 
through  breakage,  hence   the  usefulness  of  bottl^. 

(12)  Soup  plates  are  very  con\enient  pieces 
of  apparatus,  especially  when  collecting  gases. 

(13)  Only  few  schools  have  proper  fume  cham- 
ber accommodation  for  class  work  Windows  n'ay 
be  utilised  for  this  purpose  by  having  boxes  con- 
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structed  of  dimensions  a  foot  wide,  fifteen  inches 
high  and  length  equal  to  the  breadth  of  the  window 

at  the  top  side.     This  box,  when  in  use    may  be 
set  on  the  window  sill,  the  sash  raised  unt  1  U  res^! 

041     P  .n  ^'  ™'"  '^  ""''''''  °f  'he  sash. 

14)  Pupils  and  teacher  should  be  provided 
w.th  protective  aprons,  preferably  of  rubber  be 
cause    accdents    will    happen    where   8lasswa;e   is 

e^"e„'d   f";'  r  ""^'f  ""'''■     '"''^^  ™s  should 
expend   from  the  neck  to  the   feet   so  as   to    save 

the  clothing  from  injury  i„  case  fluids  spatter. 

With  regaid  to  the  teacher's  work  the  follow- 
mg  suggestions  are  offered,  but  only  as  suggestions 
because  evcrv  tenr-Jipr    „.i,„.i  .    ''"'■6"-^""ns, 

m„«t  H„  I      u  '  "^^"^^^  experienced  or  not, 

must  do  his  best  work  in  his  own  way 

wh,Vh     ^,Tu    "   "°'^-^^-    P'-operly    indexed,    in 
points  Tf  diffi  T'^'  ."'^"""^'  ■"^--^«-   -d 

(2)  Read   standard    text-books   on    Chemistry 
and  on  methods  and  aims  of  science  teaching     ^' 

(3)  Plan  work  ahead  to  save  time 

desitllf  t"!!'''  '^•:'"  ""'  °"'y  ""'  practicable,  but 
desKable,  to  have  different  pupils,or  different  groups 
work  at  various  parts  of  a  problem  at  the  same  time 
and  report  results.    As  an  example,  there  is  v^ry    ule 
profit  to  the  student  from  the  repetition,  bu    much 
OSS  of   good    time,  if  every  member  of  a  clasTde 
termines  whether  or  not  hydrogen  is  set  1^     by 
the  action  between  zinc,  magnesium,  iron  and  cop 
per  separately  and  each  of  the  three  common  add^ 
Two  cases  are  educationally  as  good  as  twelve  "nd 
five-sixths  of  the  time  is  saved. 
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(6)  A  fact  IS  valuable  nnl,7  ,„  ••*        .     ■ 
so  a„  experiment  sho:M\T'L;Vr„;;'C„tr;;' 

^7^  H        """"'^  "  's  interesting  in  itself. 


CHAPTERS  I  and  II 

BIATTER  AND  ENERGY 

Physical  and  Chemical  Changes 

1.  Make  a  slit  in  the  end  of  a  match  and  in  it  place  a 
piece  of  platiniun  wire  two  or  three  inches  long-  then 
using  the  match  as  a  handle,  hold  the  wire  in  the  flame  of  a 
lamp  or  gasburner. 

Note  any  changes  that  occur.  After  heating 
the  wire  for  a  couple  of  minutes,  remove  it  from 
the  flame  and  let  it  cool.  Has  it  changed?  Was 
there  any  alteration  during  the  heating?  Is  it 
still  platinum? 
Repeat  the  experiment  but  use  magnesium  wire. 

Compare  the  changes  with  those  that  occurred 
in  the  case  of  platinum.     Is  the  material  still  mag- 
nesium? 
2.  Boil  some  water  in  a  tt.  htted  with  a  delivery  tube 
that  leads  into  a  cold,  dry  flask. 

Wlien  the  water  boils,  what  passes  out  of  the 
delivery  tube?     Where  does  it  come  from?     What 
becomes  of  it?     Is  it  the  same  material  at  the  end 
of  the  operation  that  it  was  at  the  beginning' 
Put  some  water,   to  which  a  few  drops  of  sulphuric 
acid  have  been  added,  into  an  electrolytic  apparatus  until 
the  tubes  are  full;  then  close  the  tubes  and  turnonthecurrent. 
Is  it  steam  that  gathers  in  the  tubes? 
After  a  time,  open  the  one  that  has  most  gas  in  it 
while  holding  a  lighted  match  at  its  mouth.     Do  the  same 
tiling  with  the  other,  but  let  the  match  be  only  glowing 
Compare  the  results  with   those  noted  when  water  was 
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ofIh^Hff''''7lP'."''"'"''y  '••^  characteristics  and  sources 
of  the  different  kinds  of  matter  obtained 

3.  Dissolve    some    sugar    in    water,    taste    the   water 
Evaporate  a  little  of  it  to  dryness. 

What  is  left?     In  what  condition  was  the  suear 
when^d.ss.ved.     Did  it  change   to  anythi^X^ 

Carefully  weigh  out  about  a  gram  of  suirar   anH  l,»,f 
.t  on  a  piece  of  tin  or  mica  until  ft  ceases  to'bum        ^' 

is  leTt^^'Ha, '>   -PP^-ance  of  the  substance  that 
IS  left       Has  it  changed  in  weight;  if  so,  to  what 
extent?     What  taste  has  the  reJdue?     Is  i    sugar 
Given  that  weight  is  the  measure  of  the  quantUv 
of  matter  in  a  body,  is  there  as  much  matter  in  the 
black  residue  as  there  was  in  the  sugar' 
4    Select  a  hard  glass  test  tube  about  a  quarter  of  «„ 
inch  in  diameter  and  put  a  little  red  oxide  of  merc„^ 
nto  It;    this  may  be  done  without  smearing  the  glaL  bT 
rolling  a  strip  of  paper  into  a  tube    thrustinl  ff  T  ^ 
.side  the  ^       „„,  ,„,  p„^,„^  th^  powder  u^hT 

glass,  hold  a  glowing  splinter  in  the  tube.     Continue  the 

heating  until  distinct  globules  are  formed  on  the  walls  of 

he  U,be   then  turn  the  latter  mouth  downward  and  strike 

.sharply  on  a  piece  of  clean  paper  on  the  tab"e  to  "S 

out  any  loose  matter  in  it.  ■■ 

This  experiment  is  intended   to  determine  the 

following  points:     (l)  Does  oxide  of    mercury  un- 

dergo    any  permanent    change  when  heated?     (2) 

S'   C  :  ""'■  "  ''"'''°'  matter  different  from^ 

tself .      What  are  your  answers  to  these  questions  > 

Upon  what  observations  are  your  answers  b^^  ? 

5.  Put  flowers  of  sulphur  in  a  tt.  to  a  depth  of  ab^t 


LABORATORY  MANUAL 


6,  Put  two  grams  of  fine  copper  filings,  or  the  coDoer 

?« "tuSr^  :^"""«  '"^  °^-''^-  -'°  ^  piece  ohP;j 

glass  tubing  about  four  inches  long  and  a  quarter  of  an 

inch  inside  diameter,  bal- 
ance the  tube  and  con- 
tents on  a  scale ;  and,  wi  th- 
out  removing  the  weights, 
Hft  off  the  tube  and  attach 

black  mass^isco„n^fL?17P"ooT  'T'^'   '"  ' 
on  the  scale-pan  from  whlhT'Jfs  taken  '"' ''"' "  ""^^ 

in  ff.^'.  'ri'  "'"^'''  '''^"S^''-     Turn  the  substance 

tube?     Does    the    black    substance    contain    nther 
matter  than  copper? 

Put  the  black  powder  back  into  the  tube,  and,  in  case  any 
of  .t  has  been  lost,  balance  it  again  on  the  scale     then 
by  means  of  a  rubber  connection,  attach  the  tube    o  a  gTs 

ve;  i?  Ki:\h''°"  k"'  ^""^  ^°^'  ^^^  '°  P-  ^'-'y 
wll.  H  ^  ^''  ^"'""S  at  the  mouth  of  the  tube 
wtule  the  powder  is  being  heated,  and  until  the  tube  coolT 

^LZ  *?"'r '"  '°"^ "'  '""^  --'--  ">- '« "Si 

tube  cool  and  replace  it  on  the  scale. 
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How  has  the  weight  been  affected?     What  is 
now  rn  the  tube'  " 

closed  at  one  end      ri,«  .  u      i      . .     "'"'■'  g'ass  tube, 

li'r.      Ti  ...  *  latter  to  flow  out  over  fhe 

The  finS  "*    t""  r^  "^  "=f'  ^'  '"<=  ^'°tt°'"  of  the  dish 

allv  rr''  r.  ''  ''  ''^'  ^""^  ""=  ^"•'^'-n-e  origin- 
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bon  and  put  it  in  the  tube  with  another  asbestos  plug 
behind  it  at  B.  If  necessary,  draw  out  the  end  of  B  so 
that  a  rubber  connection  will  fit  over  it.  Balance  the 
whole  upon  a  scale,  leave  the  balancing  weights  on  the 
pan,  and  attach  the  tuoe  to  the  oxygen  tank.  Heat  the 
tube  to  redness  while  oxygen  is  passing  slowly  through  it. 
While  the  magnesium  is  burning  no  white  smoke  should 
escape  through  the  asbestos.  When  the  metal  has  burned, 
detach  the  tube,  let  it  cool  :tnd  weigh  it  again. 

Cut  the  tube  in  two  and  examine  the  white 
powder.  Compare  it  with  the  substance  obtained 
in  Experiment  1.  Is  there  any  change  in  the 
quantity  of  matter  in  the  white  powder  as  com- 
pared with  the  quantity  of  matter  in  the  magnesium 
alone?  What  matter  made  up  this  increase  of 
weight?  Compare  this  result  with  that  of  Experi- 
ment 4. 
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ELEMENTS  AND  COMPOUNDS 

9.  Weigh  a  piece  of  zinc  of  about  4  grams  In  weight, 
put  it  in  a  ijerker  and  add  1  c.c.  of  sulphuric  acid  for  every 
two  grams  of  metal;  then  pour  in  slowly,  with  constant 
stirring  about,  twice  the  volume  of  water  that  there  is  of 
acid.  When  gas  ceases  to  rise,  take  out  the  remaining 
zinc,  wash  it,  dry  it  and  weigh  it;  evaporate  the  liquid 
left  in  the  beaker  to  dryness.  The  white  solid  is  a  com- 
pound of  zinc  and  sulphuric  acid. 

The  points  to  be  noted  are  the  loss  of  weight  of  the 
zinc  due  to  the  disappearance  of  some  of  the  metal,  and  the 
formation  of  a  new  kind  of  matter. 
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CHAPTER  IV 
BnXTURE,  SOLUTION  AND  COMPOUNDS 

10.  Weigh  out  4  grams  of  powdered  sulphur  and  7 
grams  of  clean  iron  filings,  mix  the  two  thoroughly,  and 
notice  if  particles  of  iron  and  of  sulphur  are  perceptible 
with  a  lens  Make  a  pile  of  part  of  the  mixture  on  a  sheet 
of  paper  and  draw  a  magnet  through  it;  tap  the  magnet 
over  the  pile  to  shake  off  any  free  sulphur,  then  pick  off 
the  filings  and  lay  them  on  one  side;  repeat  this  as  often 
as  any  appreciable  quantity  of  iron  sticks  to  the  magnet. 

Shake  some  of  the  original  mixture  with  water  in  a  tt. 
and  allow  the  suspended  matter  to  settle.  Is  the  sedi- 
ment uniform,  as  the  mixture  was?  Shake  up  the  sedi- 
ment and  pour  off  the  water  with  its  suspended  matter; 
repeat  this  two  or  three  times;   what  remains  in  the  tt.? 

Put  a  little  of  the  original  mixture  in  a  tt.  and  pour 
carbon  bisulphide  over  it  until  the  powder  is  well  covered; 
cork  the  tube  and  allow  it  to  stand  for  ten  minutes,  then 
pour  off  the  clear  liquid  into  a  dish  and  let  it  evaporate 
under  the  hood. 

Treat  a  little  of  the  mixture  in  a  tt.  with  hydrochlori 
acid,  smell  the  gas  that  comes  off;   when  all  action  ceases, 
add  a  little  more  acid,  and  if  no  more  gas  is  formed,  notice 
if  any  sediment  remains. 

Place  enough  of  the  mixture  of  iron  and  sulphur  in  a 
hard  glass  test  tube  to  fill  it  for  an  inch  or  more;  hold  the 
very  end  of  the  tube  in  the  flame  until  the  mixture  begins 
to  glow,  then  remove  it  from  the  flame;  after  all  action 
has  ceased  and  the  mass  has  cooled,  break  the  tube  and 
examine  the  substance  inside  of  it.  This  experiment  may 
be  varied  byusing  fine  copper  filings  instead  of  iron  ;  the  pro- 
portions should  then  be  two  of  copper  to  one  of  sulphur. 
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Powder  the  material  that  came  out  of  the  tube,  and 
repeat  the  experiments  with  the  magnet,  water,  carbon 
bisulphide  and  hydrochloric  acid. 

The  object  of  this  experiment  is  to  determine  if  a  new 
kind  of  matter  having  properties  different  from  either  the 
iron  or  sulphur  has  been  produced. 

Tabulate  the  results  of  your  observations  and 
state  the  conclusion  you  draw  from  them.  Is  there 
any  evidence  that  energy,  as  either  heat  or  light, 
has  been  given  off? 

11.  Drop  a  very  small  crystal  of  permanganate  of 
potash  into  a  litre  of  water  and  stir  until  the  crystal  dis- 
appears. Lift  out  a  drop  of  the  water  on  the  end  of  a 
glass  rod. 

Is  there  r.ny  permanganate  in  it?  What  con- 
clusion may  be  drawn  as  to  the  state  of  division 
of  the  crystal? 

12.  To  find  whether  one  liquid  is  soluble  in  another: 
Let  a  drop  of  sulphuric  acid  fall  into  a  clear  solution  of 
barium  chloride,  or  barium  nitrate,  in  a  tt.  This  is  the 
test  for  sulphuric  acid: 

Put  about  10  c.c.  of  water  in  a  vessel,  then  add  four  or 
five  drops  of  sulphuric  acid. 

Taste  the  liquid  by  placing  a  drop  on  the  tongue. 

Let  a  drop  of  the  liquid  fall    into  barium  chloride 

solution.     What  is  the  answer  to  the  problem  that 

was  to  be  solved?     What  warrants  that  answer? 

13.  To  determine  whether  gases  will  dissolve  in  water: 

Fill  a  large  flask  with  fresh  cold  water  and  let  it  stand 

quietly  in  a  warm  room  for  a  couple  of  hours,  but  observe 

it  every  half  hour  or  so. 

The  bubbles  are  composed  of  air.  Notice: 
(1)  When  the  bubbles  appear;  (2)  If  they  change 
in  size;    (3)  If  they  are  on  all  parts  of  the  vessel. 
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Why  do  the  bubbles  not  appear  at  once?     (Refer  to 
^ioluMity  of  Gases  in  a  book  on  Physics.) 
14.  Heat  a  little  ammonia  solution  (hartshorn)  in  a  tt 
hat  .s  fitted  with  a  delivery  tube.     Smell  a  handful  of 

I?v  Tk  '^"'rT  °'-      '"^"'  "  '"'8'  "•  °^"  «•«=  deliv- 

ZflT^u     ■  .    "  "  "''"P''  °'  •"'""'=^'  '^'"''V'  the  in- 
verted tube  and  set  it  mouth  downward  in  water. 

The  gas  in  the  tube  must  either  condense  or  be 

absorbed.     Are  there  conditions  that  would  cause 

condensation  to  the  extent  noticed' 

Dissolve  a  little  copper  sulphate,  and  let  a  drop  of  the 

original  hartshorn  fall   into  it.     The  colour  gives  a   tes! 

for  ammonia. 

Turn  the  tt.  that  had  the  gas  in  it  mouth  upwards, 
re  aining  the  water  that  has  risen  in  it,  and  smell  it.     ?  our 
a  few  drops  of  this  water  into  copper  sulphate  solution. 
Is  ammonia  soluble  in  water? 
15.  Select    two   gas   cylinders   or  large    test    tubes  of    ' 
equal  size;   fill  each  with  water,  then  choose  two  lumps  o 
copper  sulphate  of  about  the  same  size,  each  as  large  as  a 
small  marble;   drop  one  of  these  lumps  into  one  cylinder, 
and  nang  the  other  in  a  piece  of  muslin,  just  below  the 
top  of  the  water  in  the  second  cylinder.     Let  them  stand 
quietly  over  night. 

What  difference  is  there  in  results,  as  judged  bv 
colour?     How  is  the  difference  accounted  for? 
Bichromate    of   potash,    permanganate    of    potash    or 
ferncyamde  of  potash  may  be  used  as  alternatives  for  the 
copper  sulphate  in  this  experiment. 

16.  Put  about  one  gram  of  sugar  in  each  of  three  test 
tubes,  pour  on  the  sugar  in  one  tube  some  coal  oil.  in 
another  tube  some  water,  and  in  the  third  some  sulphuric 
acid;  let  them  stand  until  next  lesson. 

How  is  the  sugar  affected  in  each  case? 
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nf  !1:  ^^''■'"'°'^"'"«  "'*'"'"«  beaker  powdered  chlorate 

°LZt  ""1'  ""=  ""''''"  J""'  ^'"^"'o  dissolve      S 
the  beaker  aside  to  cool. 

Wiat  happens?  H  there  any  chlorate  still  dis- 
solved m  the  water?  Test  this  by  evaporating  a 
drop  of  the  liquid  on  mica  or  tin.  Where  did  the 
sohd  come  from  that  is  at  the  bottom  of  the  beaker> 
Wha  .s  the  relation  between  temperature  an  J  the 
quantity  of  the  chlorate  dissolved  by  water' 


CH.M'TER  V 
HYDROGEN 

expli^^e'lflS, tncT care  mus'?'  bt'u?"  "  t  •''"'"""-'^ 
not   brought   near  such  a  mTxtuT  uLn  !,"  "''"  "  """"  '^ 

war:  .d'^Ho  d  gti'r  ^1,  \^:jiY  '^  «^r°- 

quietly,  the  dangef  is  oast     T^l\  1        ^"^  ^"""^  ''°«''y  ^nd 
bea^whenC^rof^ttK^T^Het^ 

meTalT^K"''  ^^  ""''  '"""'^'  '^^^^  '^^^  «-  '"rough  a  fine 

Hold  a  cold    dry  bottle  mouth  downward  over  the  flame 

What  IS  formed  inside  of  the  bottle' 

water  Tur'""  '"''  ''''  '"^'  '""  "^  '"^  «-=  over 
ri  watch  or  TfT""  T""  '"""  ''"''^'^'y  '«"''«  '»•- 
u^waTd  and  L  t  f"^  ?  ""'  '"''^  T"™  ^""t''"  """"th 
tolnff.    f     L  ""^  *°'  ^  "°"P'^  °f  ■"'""'«.  then  try 

to  >gmte  .t.  Repeat  the  last  experiment,  but  hold  th^ 
tube  mouth  downward.  , 


HYPRDGES  ,5 

What   appearance  has   the   flame  of   hydro«n 

when  burninK  in  the  wide  tube?     What  conclusion 

follows  fr..m  the  effort  to  light  the  gas  in  the  tube 

that  stood  mouth  upwards? 

Try  if  hydrochloric  acid  diluted  one-half  with  water 

may   be  si,bst,tuted   for  sulphuric  in   the  preparation  of 

hydrogen  by   the   use   of   zinc.     Try  if  copper,  iron,  lead 

and  magnesium  may  be  used  instead  of  zinc 

The  following  two  experiments  are  intended  to  illus- 
bustlo,,      *"   P''°P"""  °f  hy<lrogen   that   relate   to  com- 

19,  Collect  a  large  tt„  or  fitter  a  gas  cylinder,  full  of 
hydrogen  over  water,  then  thrust  a  lighted  splinter  four 

lut  '^.zr ""'  ''^  ^'"^  '"•=  ''^-'-  '^  ••»"• 

20.  Collect  a  soda  water  bottle  full  of  hydrogen  over 

th  rd  full,  hft  ,t  out  of  water  and  allow  air  to  enter,  tien 
hold  the  mouth  of  the  bottle  to  a  flame,  but  directed  away 
irom  any  person.  ^ 

Repeat  the  last  experiment  with  the  following  changes- 
Select  a  cork  that  will  fit  the  bottle,  bore  a  hole  in  it  f„d 
put  a  piece  of  glass  tubing  through  it;  cut  off  the  project- 
mg  ends  of  the  tube.  Fill  the  bottle  with  a  mixture,  one- 
third  hydrogen  and  two-thirds  air,  and  put  the  prepared 
cork  m  the  mouth  of  it,  Wrap  the  bottle  in  a  towel  and 
ay  It  so  that  ,f  the  cork  blows  out  no  one  will  b«  injured 
then  with  a  long,  blazing  splinter  ignite  the  gas  at  the 
vent  in  the  cork,  * 

How  is  the  pressure  on  the  inside  of  the  bottle 
affected  by  the  burning  of  the  gases? 
Other  methods  of  preparing  hydrogen: 
21.  Fill  an  electrolytic  appar^»..s  with  water,  to  which 
a  few  drops  of  sulphuric  acid     een  added.     Conneot 
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f  e..     Make  a  very  fine  „o„lc  by  drawinR  „„,  a  piece T, 

m  wh  oh  most  gas  is  colloc,i„«.     When  four  „r  nJc  inch 
of  gas  have  ac-o.mulated  in  this  „■.«.  all,„v  i,   ,„  esca," 
throuKh  the  nozzh,  but  a.  ...u-e  i«„ite  it  a,„l  invert  3 
dry  test  tube  over  the  flame,     .Cxumine  the  tul.  for  con 
dens^d  vapour.     Allow  m.  .e  Ras  to  forn,  in  the  apparatus 

wat«  is  Wllnrfl'"'""  "  '"""'  ^  '^  ^  «-"  '"  -hich 
enter  C  C  k  '^  I  ^  """''  ''"P"  ""  """  ""'^  "'^am  may 
enter  C     C  is  a  hard  glass  tube  containing     ^^  ^ 

folds  of  magnesium  wire  heated  to  redness 


B 
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Fig.  i 


D  IS  a  collecting  jar  over  water.  Test  the 
gas  that  passes  into  D  to  determine  whether 
.t  .s  hydrogen.  The  collecting  jar  of  Fig 
16  may  be  substituted  for  the  one  here  shown 
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nrop  a  small  pie,e  ri  doa,.  s,„lmm,  „„,  larRcr  than  a 
Kra>„  .,f  whoa,,  .,„  s„„k-  water  in  a  s„u,,  pla.e.  I.,„„. 
.Lately  cover  the  ,.Ia..  wi.l,  a  sheet  <>f  ^lass.  Drop  another 
sim.larp.eee  on  a  sc.ap  of  ni.eri„K  paper  lai.l  on  ,l,e  water 
Ho.l  a  httle  water  hi  an  -vaporatinK  .iish  a„.l  pnt  a  thir.l 
p.cH^e^of  sod.nm  o,.  it.      IMace  a  little  piece  of  potassi..n.  on 

Note  the  shape  which  the  piece  of  ,„eta!  takes,  its  state 
movement  and  apparent  iKnition. 

24.   I'repare  a  kUiss  tni.e  two  i,.chcs  1,,,,^  and  a  qnarter 
o   an  ,nch  .n  diameter,  close.!  at  one  end.     Cut  off  a  piece 
of  sod.um.  rub  it  free  fro,„  o.l  on  tiUer  pa.K-r  and  n.onid 
•  t    ...to    a   pellet  that  will    lit    (i.d.tly  into    the    open    end 
of  the  tnl,e;  the  n.etal  sho.,1,1  he  llnsh  with  the  month- of 
he  tul.c.     Drop  the  whole  i,.to  wUer  on  a  plate  and  col- 
lect the  escap.nK  gas  in  a  test  tube  over  water. 
Test  this  gas  to  find  if  it  is  hydrogen. 
25.  Determine  the  solubility  of  aydmgen  in  the  lollow- 
mgway:  ImII  a  eudiometer  with  cold  water  that  has  been 
bo.led    to  expel   ail   dissolved   air,   inver'    it,    keeping  its 
mouth  under  water,  and  pass  in  p.re  hydrogen   ,„  the 
depth   of   about    two   centimetres.     Note   accurately    the 
volumes  of  gas  a..d  of  water  in  the  tube.     Close  >he  mouth 
of  the  tube  carefully  by  placing  the  thumb  over  it  and 
shake  the  water  and  gas  together  for  a  couple  of  minutes 
Repkce  the  tube  with  its  mouth  under  water  while  it  is 
st.ll   closed,  but   repeat   the  shaking  four  .,r  five  times  in 
the  course  of  an  hour.     Then  read  the  volumes  of  gas  and 
of  water  as  before;    but,  if  necessary,  correct  for  change 
of  temperature  during  the  operation.     (Sec  H.  S.  Physics.) 
What  change  has  occurred  in  the  volume  o£  the 
gas?     How   many   volumes  of  water  were   in   the 
^tibc  at  first?     How  many   volumes  of  gas  were 
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dissolved?     How  many  volumes  of  gas  would   100 
volumes  of  water  dissolve? 

U.^^^■'  ^^'A^  ^c'^""  °^  P^"'  ^""""^  '"  ^  ^-^^ll  tubulated 
be     jar.     (An  8-oz.  bottle  with  the  bottom  cut  off  evenly 
w>ll  answer  very  well).     To  do  this  proceed  as  follows^ 
Rub  some  0,1  or  vaseline  on  a  piece  of  glass  and  flow  a 
thin  paste  of  plaster  and  water  over  this  to  a  depth  of  a 
quarter  of  an  inch.     Press  the  base 
of  the  jar  down  into  the  paste  and 
let  it   stand   until    the   plaster   sets; 
the    outside  part  of   the  sheet  may 
then  V  trimmed  away  and  the    jar 
lifted    off,    and   set  aside   until    the 
bottom    dries.       Fill    the    jar    with 
hydrogen,   then  mount   it  as  shown 
in  the  diagram.     Watch  the  level  of 
the  water  in  the  tube. 

Does  the  height  of  the  water 

in  the  tube  vary?     Is  this  due  to 

an  alteration  in  the  -volume,  or  a 

change    in    the    quantity    of 

the  gas  in  the  jar? 

Vary  this  experiment   by 
of  hv^,«„„„        J     •  making  an  explosive  mixture 

of  hydrogen   and  air   (about  one-fourth   hydrogen)   in  a 

?ar  a:^„":^:  T  '""^  '^^  -"^  ">"  ™xture'  Moulit  th^ 
if  an  h  '^P''"'""'  '^'"'  ''"'  '^'  ''  ^t^"d  for  a  quarter 
a  flame  °"'  ''^  ""'''  ^"^  '^""^  '"^^  «-'•> t 

Ren'^b'^v  Zr'-  °'-^''"'  """''"''^''  '"  *^  '^'^^  °f  hydro- 
ro  tne  H.  b.  Physics  under  this  head). 


a\!G£-.v 


19 


CHAPTER  VI 

OXYGEN 

27  Repeat  Experiment  4,  but  this  time  for  the  pur- 
pose of  determining  whether  or  not  a  gaseous  subLnr. 
passes  out  of  the  tube;  and.  if  so.  what'effl  t  ha  on  a 
burnmg  splinter.  ^ 

^riSift'oS^rT''  ^  ^'°^^''^  '•'"""^  '"  «■-  "■- 
28.  Heat  a  little  powdered  potassium  chlorate  in  a  hard 

f  bni  "h  ,^'°"',  "'.""  ^"''  '""  -^-  '"^^  ^Worate  begins 
o  bo.l  hold  a  glowmg  splinter  in  the  n.outh  of  the  tube 
Drop  a  small  bit  of  charcoal  into  the  iube.  Dissolve  1 
arately  m  distilled  water  a  little  unheated  chorale  Tnd 
some  of  the  white  solid  left  in  the  tube;  let  a  drop  o  silver 
nitrate  solution  fall  into  each. 

Has  the  substance  undergone  a  chemical  change 
when    heated?     Describe    the    changes    that    took 
place  in  the  chlorate  when  heated' 
29    Put  about  an  inch  in  depth  of  powdered  potassium 

with  t,;"  °"'  ",    '"'^  "^"^  --^  <^"-«ty  of'chloa" 
with  half  as   much   manganese  dioxide 
in  another  tube;     fasten  the   two  side 


Test  from    time    to    time 


by  side;    heat   both  equally, 
with  a  glowing  splinter. 

ViJ'^""-  Z^'"^   °"^   ^°^^   ""ysen   pass   off   first? 
Which  yields  oxygen  with  the  less  heating? 
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30.  Mix  some  powdered  clilorate  of  potash  with  half 
its  bulk  of  manganese  dioxide.  Heat  some  of  this  in  a 
hard  glass  tt.  that  is  filled  with  a  delivery  tube.  Arrange 
the  apparatus,  as  in  I'ig  7,  aiijl  begin  to  heat  at  the 
forward  end.     Collect  several  bottles  Jull  of  the  gas. 

3 1 .  Arrange  a  chalk  cup  on  a  wire  stand 
about  3  inches  high,  as  in  Fig.  8,  and 
set  it  on  a  plate  containing  water.  Select 
a  piece  of  charcoal  the  size  of  a  small 
marble  and  by  means  of  a  pair  of  tongs,  or 
a  piece  of  wire,  hold  it  in  a  flame  until  it 
is  ignited,  then  lay  it  on  the  chalk  and 
quickly  lower  over  it  a  bottle  of  oxygen. 
This  may  be  done  by  covering  the  mouth 
of  a  bottle  with  a  wet  glass  plate,  invert- 
ing the  bottle,  bringing  it  just  above  the 
cup,  slipping  the  plate  to  one  side  and 
==  lowering  the  bottle  until  its  mouth  dips 
into  water. 

When  combustion  ceases,  lift  up  the  bottle  and  cover 
its  mouth  with  a  glass  plate  at  once,  then  pour  a  little  lime 
water  into  the  bottle  and  shake  it. 

32.  Use  the  chalk  cup,  as  before,  but  put  a  shaving  of 
phosphorus  on  it  (see  note  4,  page  2).  Ignite  the  phos- 
phorus by  touching  it  with  a  hot  wire  and  lower  a  bottle 
of  oxygen  over  it  so  that  the  mouth  of  the  bottle  will  dip 
into  water.  Let  the  bottle  stand  until  the  white  fumes 
disappear,  then  slip  a  glass  plate  under  the  bottle  and 
quickly  turn  it  mouth  upwards  without  letting  the  water 
run  out  of  it.     Test  this  water  with  blue  htmus. 

Repeat   this  experiment,   but  instead   of  igniting   the 
phosphorus,  let  it  stand  in  the  oxygen  for  a  day  or  two. 
Is  there  chemical  action? 


Fig 
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Repeat  the  experinient,  but  use  ignited  sulphur  instead  of 
phosphorus. 

33  Coil  about  six  inches  of  magnesium  ribbon  in  a 
spiral  about  a  piece  of  glass  tubing,  then  slip  the  ribbon 
off  the  tube  and  attach  one  end  to  a  piece  of  wire,  ignite 
the  other  end  and  lower  it  into  oxygen.  Boil  a  Httle  of 
the  resulting  white  powder  with  water  and  test  the  water 
with  red  litmus  paper. 

34  Make  some  steel  wool  into  a  tight  roll  about  the 
size  of  a  lead  pencil  and  two  inches  long,  ignite  the  end  of 

t  close  to  the  mouth  of  a  bottle  of  oxygen  and  quickly 

lower  It  into  the  bottle.  4      «.iy 

When  there  is  no  further  action,  examine  what  is  left 

of  the  wool.     Shake  the  contents  of  the  bottle  with  a  little 

water  and  test  with  litmus. 

This  experiment  may  be  varied  and  made  more  brilliant 
by  using  a  piece  of  steel  watch  spring  or  a  strand  from  a 
small  wire  rope.  In  either  case  the  metal  should  be  filed 
bright  for  about  an  inch  from  one  end;  then,  that  end 
heated,  dipped  in  flowers  of  sulphur,  the  latter  ignited,  and 
thrust  into  the  oxygen.  In  this  ease  the  '  .mus  test  must 
be  omitted,  for  the  vapour  of  burning  sulphur  would  inter- 
fere with  the  result.  There  should  be  a  layer  of  sand  or 
powdered  chalk  on  the  bottom  of  the  bottle 

Experiments   M-34   are  intended    to  show    the  effect 
that  oxygen  ha     pon  the  rate  and  intensity  of  combustion 
How  would  you  express  the  result  of  your  ob- 
servations?    What     leads     to     these     conclusions' 
Does  oxygen  form  compounds  with  any  of  the  burn- 
ing substances?     Upon    what    facts   do    you    base 
your  answer?     How  was  litmus  affected  by  each? 
35.  A  bottle  filled  with  oxygen  is  closed  with  a  tightly- 
fithng  one-holed  rubber  stopper  that  has  a  glass  tube  in  it,  as 
M  Fig.   9.      A  little  strong  solution  of  pyrogallic  acid  is 
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poured  into  the  bottle,  then  half  as  much  solution  of  sodium 

hydroxide;  the  stopper  is  at  once  put  in  and  the  whole 

inverted  and   allowed  to   stand   so  that    the 

end  of    the  tube  dips  under  water  in  a  dish. 

Is  there  any  indication  that  oxygen 

is  soluble  in  this  hquid  ? 

J,  36.  Repeat  Experiment    21,   but    attach 

J3  the  nozzle  to  the  tube  containing  the  smaller 

^       V^    quantity   of    gas  and   direct   the  gas,    as  it 

escapes,  against  a  glowing  splinter. 

Does  the  gas  itself  burn  with  a  flame? 
37.  Attach  a  delivery  tube,  bent  as  in 
Fig.  10,  to  a  hydrogen  generator,  and 
attach  a  burner  to  the  outer  end  of  it. 
^'^'''  ^^^  escaping  gas  when  it  is  safe  to 
do  so,  and  invert  a  dry  bottle  of  oxygen 
over  the  flame. 

What  is  formed  during  the  combustion?     With 
what  is  the  hydrogen  uniting? 
38.  Put  into  a  eudiometer  over  water  or  mercury 
about  12  cm.  of  hydrogen  and  read  the  volume  of  the 
gas.     Add  about  4  cm.  of  oxygen  and  again  note  the 
volume.     Press  the  mouth  of  the  eudio- 
meter down  against  a  rubber  pad  under 
water,  or  mercury,  and    pass  a   spark 
between  the  points. 

What  was  the  reduction  in 
volume?  Why  war  there  a 
change  in  the  volr.me?  What 
became  of  the  pus  that  disap- 
peared ?  How  does  the  reduction 
of  volume  compare  with  the  quantity 
oxygen  taken? 
It  is  now  necessary  to  find  out  what  gas  remains.     Pass 
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oxygen  into  the  eudiometer  until  the  quantity  of  gas  in 
s  mcreased  nearly,  but  not  quite,  one-half     Then  tZ 

at  tTstlr  ""'"  ^'  '^'°"'  '"'  "°'^  "'^  ''^^'^'S 

Of  what  did  the  residue  of  gas  from  the  first 

explosion  consist?     How  much  oxygen  ceased   to 

exist  as  gas,  in  the  first  operation;   and  how  much 

m   the  second  one?     What  quantity  of  hydrogen 

united  with   the  oxygen  the  first  time,  and  wL" 

the  second  time? 

Repeat  the  experiment,  but  use  nearly  equ..l  volumes 

of  the  two  gases;   note  the  readings  on  the  scale 

How  does  the  reduction  in  volume  compare  with 
the  quantity  of  hydrogen  taken' 
Pass  hydrogen  into  the  eudiometer  until  the  quantity  of 

™  "\"  "IT  '°""'''  ''''"  '^y  «  combination  again 
occurs,  when  the  spark  is  passed. 

What  was  the  residue  in  this  case? 
Tajula^e^e  result  of  the  experiment  thus: 


Hydroffcn 
Present. 

Oxygen 
Present. 

Volume 

of 

Mixrd  Gnses, 

Residue 

after 
leiiitinn. 

Hydroaen  that 

Went  into 
Combination. 

Oxygen  that 

Went  into 

Combination. 



! 

For  every  one  volume  of  oxygen  that  went  into 
combination  the  first  time,  how  many  volumes  of 
hydrogen  combined  with  it?  For  every  two  vol- 
umes  of  hydrogen  that  disappeared  as  gas  in  th- 
to  trial,  how  many  volumes  of  oxygen  combined" 
with   them?     In   what  proportions  by   volume  do 
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oxygen  and  hydrogen  combine? 
the  gases  that  united? 


What  became  of 


Note.— Thn  electric  spark  in  this  experiment  is  sirnnlv  a 
convement  way  of  ra.sing  the  temperature  of  the  gases  within 
the  tube  to  the  point  of  ignition.  The  heating  effect  is  tl^e  ir^ 
portant  thmg,  but  the  fact  that  the  heat  was  produced  by  the  agency 
of  the  electric  current  is  of  no  significance  whatever.  A  bllzine 
splmter  would  have  served  the  same  purpose.  ^ 

Sum  up  the  results  of  the  last  three  experiments  as  answers 
to  the  following  questions: 

What  substances  are  necessary  for  the  forma- 
tion of  water?     Is  water  a  mixture  of  these  or  a 
compound  of  them?     What  transformation  of 
energy   occurred?     In   what   proportions    by 
volume   are    the    elements    com- 
bined in  water? 


A 


The  foregoing  determination  of  the  composition  of  water  is 
known  as  the  volumetric  (volume-measure)  method;  but  a 
gravimetnc  (weight-measure)  method  may  also  be  employed. 
39.  Fit  up  the  apparatus  as  shown  in  Fig.  11.  A  is  a 
hydrogen  generator,  B  is  a  bottle  of  strong  sulphuric  acid 
through  which  the  hydrogen  bubbles  slowly  in  order  that 
It  may  be  freed  from  moisture,  C  is  a  hard  glass  tube  con- 
tammg  copper  oxide,  D  is  a  U  tube  filled  with  lumps  of 
fused  calcium  chloride,  or  of  caustic  soda. 
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Observe  the  following  precautions- 

(1)  Weigh  the  tube  C  with  the  oxide  in  it. 
2)  Weigh  the  U  tube  and  its  contents 
(3)  After   all   air   has   been   driven   out  of   the 
generator,   attach   the   tubes,   as  shown,   and   heat 
the  oxide  to  redness. 

weigh  the  same  pieces  as  before 

The  object  of  the  U  tube  is  to  intercept  any 
water  that  might  be  passing  out  of  the  apparatus    "^ 

m„.hT  T  ""'^'"  ^^'  ""=  ""'<=  C  lost?  How 
much  has  B  gained?  What  passed  into  C?  What 
passed  into  D? 

the?el,°^^'"  °'u^'"  '^''P^'-™^"'  i^  to  determine 
the  relative  weights  of  oxygen  and  hydrogen  in 
water.     To  what  conclusion  do  your  observations 


CHAPTER  VIII 
STUDY  OF  AIR 

h.  fin  i^^^'^l'  E.^Periment  37,  but  let  the  inverted  vessel 
be  filled  with  air  instead  of  oxygen  and  let  ii7 J  m 
dip  under  water.     The  instant  thf  flL:!  "„        ™ 

S^ev^ss^l  ''"''"  '"''  '°  P^'^^^"'  "'^'  S-  ^-"  -"n^. 

Was  water  formed  during  the  combustion?  Does 

sjhnter"'""'"^  ^''^  ""^'^°''   '•"  '^"'"bustion  of    a 

thi„?nf°^r''  °'  '"'  --Periment  is  to  learn  some- 
thing of  the  composition  of  air.  What  have  you 
found  out  regarding  that  matter:  (1)  As  to  the 
number  of  components;  (2)  as  to  the  character- 
istics of  them?  iidner 
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41.  Select  a  long  glass  tube,  closed  at  one  end,  such  as 
a  eudiometer;  measure  its  length  if  it  is  not  graduated  • 
wet  It  inside,  then  drop  into  it  a  freshly  cut  shaving  of 
phosphorus,  which  should  adhere  to  the  wet  glass  near 
the  closed  end;   stand  the  tube  mouth  downward  in  water 
for  a  couple  of  days.     Note  the  temperature  of  the  room 
and   look  up   the   results  of  Experiment  32.     When   the 
water  cease?  to  rise  in  the  tube,  bring  the  remaining  gas 
to  atmospheric  pressure  by  depressing  the  tube  in  water 
until  the  level  of  the  latter  is  the  same  inside  and  out; 
make  any  necessary  correction  for  change  of  temperature' 
and  calculate  the  percentage  of  gas  that  has  disappeared 
If  this  result  is  less  than  20.,1,  or  greater  than  21  3    the 
experiment  should  be  repeated.      In  any  case,  it  is  well 
to  make  a  number  of  determinations  and  take  the  average 
of  the  percentages  obtained.     This  method   depends  on 
the  fact  that   phosphorus   may  combine  with  the  oxygen 
in  the  air  without  ignition,  and  the  compound  formed  is 
soluble  in  water.     When  phosphorus  burns,  as  in  Experi- 
ment 32,  the  enclosed  air  becomes  heated,  and  as  it  ex- 
pands, some  of  it  is  likely  to  escape,  so  that  the  measure- 
ment is  then  only  approximately  correct. 

42.  Pass  into  a  eudiometer  over  water  about  15  em's 
of  air  and  half  that  much  hydrogen,  read  the  volumes 
of  air  and  of  the  mixe''  gases,  then  with  proper  precautions 
pass  the  spark  between  the  points.  Read  the  volume  of 
the  residue. 

Repeat  this  experiment  several  times,  tabulating  the 
readings  as  in  the  following  scheme.  Calculate  the  per- 
centages and  average  the  results.  Tnis  is  an  excellent 
exercise  for  a  class  to  practice,  in  groups  of  three  or  four 
members  each.  All  readings  should  be  taken  at  atmos- 
pheric pressure. 
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Determinations 


Volumes  of  air  taken 

Volumes  of   mixed   gases 

Volumes  of  residue     . 

Volumes  of  gas  that  disap 
peared     

Volumes  of  oxygen  present 

Percentage  of  oxygen  in  air 


5        6 


Average  percentage  of experiments 

In  what  proportions  by  volume  do  oxygen  and 
hydrogen  combine?  What  part  of  the  decrease  in 
the  volume  of  the  mixed  gases  was  due  to  oxygen 
going  into  combination  with  hydrogen?  Why 
should  the  volume  of  hydrogen  taken  be  at  least 
half  that  of  the  air  in  the  tube? 


CHAPTER  IX 

CONSERVATION  OF  MASS 

43.  Put  about  2  grams  of  lead  acetate  into  a  large  tt. 
and  boil  it  with  about  30  c.c.  of  water.  Let  the  liquid 
stand  until  it  is  cool,  then  pour  off  20  c.c.  of  the  clear  solu- 
tion into  a  clean  bottle.  Put  about  a  gram  of  potassium 
iodide  into  another  bottle  with  about  20  c.c.  of  water 
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Place  both  bottles  on  one  scale-pan  of  a  l,alance  and  an 
equal  weight  on  the  other  one.  Then  pour  the  contents 
of  one  bottle  into  the  other  and  put  the  two  bottles  on  the 
scale  pan. 

Was  there  any  alteration  of  weight?     Was  there 
any  new  matter  formed?     Why  did  the  weight  not 
change    when  yellow   solids  were    produced?     Was 
there  a  change  in  the  quantity  of  matter? 
44.   Fit  a  large  flask  with  a  one-holed  stojiper  through 
which  passes  a  glass  rod  long  enough  to  reach  nearly  to 
the  bottom,     I'ut  a  luile  pile  of  sand  or  of  powdered  chalk 
on  the  middle  of  the  bottom  of  the  flask  inside,  and  a  shav- 
ing  of   phosphorus   on    the   pile.     Use    Naseliiie   to   make 
the  stopper  and  rod  air-tight  when  they  are  in  the  flask 
and  have  the  rod  just  long  enough  to  reach  the  phosphorus 
when    the    stopper    is    in    place.     Balance   the  whole  on 
a   scale.     Take  out    the  stopper,  heat    the    lower  end    of 
the  rod,   then    replace    the    stopper  so  that  the  hot   rod 
will  ignite  the  phosphorus. 

What  substances  were  present  at  first?  What 
are  now  present?  What  do  the  weights  indicate 
regarding  the  quantity  of  matter  present  before 
the  phosphorus  burned  and  after?  Turn  the  flask 
mouth  downward  in  water  and  take  out  the  stopper. 
Has  the  volume  of  matter  that  was  in 
the  flask  changed?     Why? 

45.  Tlic  test  tube  (I'ig.  12)  is  half-filled 
with  hydrochloric  acid,  diluted  by  20  parts 
water  to  1  of  acid.  The  flask  contains  a 
strong  solution  of  caustic  soda,  to  the 
depth  of  a  quarter  of  an  inch,  with  some 
-  ■-  -  solid    pieces  of   the   same  substance  in  it. 

Ihe   flask   and    tube  are  connected   by  a  bent  tube   that 
gives   communication   between    the    two   and    by   a   fine 
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wire  that  serves  to  suspen.'  them  to  the  hook  of  a  balance 
beam.  A  piece  of  calcite  or  marble  weighing  about  half 
a  gram  is  laid  on  one  of  the  stoppers  and  the  whole  care- 
fully weighed.  Then  the  stone  is  dropped  into  the  tt 
and  the  stopper  which  should  be  coated  with  vaseline  is 
quickly  replaced. 

How  could  a  change  in  the  quantity  of  matter 
be  detected?  Was  there  any  change  in  the  quan- 
tity of  matter? 


CHAPTKR  X 

OXIDATION  AMD  REDUCTION 

46.  Powder  some  red  iron  rust  in  a  mortar,  dry  it  well 
and  put  It  in  a  hard  glass  tube  such  as  the  one  used  in 
Expenrnent  6.  Heat  it  to  redness  and  pass  a  current  of 
dry  hydrogen  over  it.  at  the  same  time  hold  a  cold  dry 
bottle  over  the  outlet  of  the  tube.  After  heating  for  a 
fcw  minutes  let  the  tube  cool  and  examine  its  contents 
Draw  a  magnet  through  the  powder. 

What  passed  into  the  tube  with  the  rust'   What 
passed  out?     What  remained  in  the  tube? 
chemical  action  went  on? 
Compare  Experiments  4,  6,  8  and  22. 


What 


CHAPTER  XI 

SULPHUR 

47.  Fill  a  tt.  about  one-fourth  full  of  yellow  flowers  of 
sulphur  ano  heat  it.  Notice  changes  in  colour  and  in 
state.  When  the  sulphur  boils  allow  the  vapour  to  pass 
into  a  cold,  dry  flask.  ^ 
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hJJLT'""  T""''""  "  ""  '"'Phur  when  it  CO., 

d««,  from  the  vapour?     Will  the  vapour  bur .  ", 

the   mouth   of   the    tube'    Wh.„       J'  ""^  """' •»< 

^        what  chemical  ac.Ln  ^e,  Z         '"""■"   """"' 

When  the  sulphur  has  boiled  for  two  or  thr 

pour  it  into  cold  water  '*''  """"'"• 

rXT""'"""'"  * "-  ».;  -rr^r 

mto  a  dry  vessel  leaaing.  it  downward 

SULPHIDE  OF  HYDROGEN 


// 
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Smell  a,„l,.„sly  the  eirr-.inR  gas.     Dip  a  strip 
of  wh>lc  paper  nno  lead  acetate  solution  and  ex 
pose  rt  to  .he  Kus,     Moisten  rtie  surface  of  a  clean 
silver  co,n  and  expose,  i,  to  the  action  of  the  .as 
Tesj  the  sas  w.th  nmist  litmus  paper,  both  red  and 

51.   Use  a  hydrogen  Rcucrator.  but  put  into  it  some 
nhuT-         I";".   ""."""''   ""•'    ""-   hy-lrochloric   or   s^l 
formed T^  "'"""'."■'-'""'  """  -""■     '-"  sulphide   s 

w  th  a.r,  ,t  was  produced  in  Kx,H.rin.cnt  10,  when  the 
mixture  was  heated  in  the  tube 

ful  hold',?  '"""f "' "'■  ""•  «"^  "'■"  ^-'"'  ''"-ell  a  hand- 
ful, hold  the  mouth  of  the  bottle  to  a  name,  smell  the  ^as 
cautiously  that  results  from   the  combustion  '^ 

had  the  Kas  when  collectcl  in  the  bottle?     Describe 
the  burning  of  the  gas  ^s-noe 

a^'toe"  burnt  ^'^ '•-7;.'^-"  ""'  -'  "-  generator,  attach 
a  fine  burner  to  the  delivery  tube  and  ignite  the  gas 

Is   moisture  given   olT^     Hold   a  cold   glass  in 

he   name   for  two  or   three  seconds.     What  does 

this  experimeiit  show  regarding  the  composition  of 

hydrogen  sulphide? 

52.   Mix   this  gas   with   oxygen   in   the   proportions  of 

two  volumes  of  the  gas  to  three  of  oxygen  and  hold  th. 

mouth  of  the  vessel  to  a  na.t«.  ""^ 

^M^T?'^,  "'•^  '"""  ^'  '°  """^  °f  "''^'^iion  and  residue 
with  that  obtained  in  the  previous  experiment,  when  the 
gas  in  the  bottle  was  burned. 

53.  Dissolve  in  separate  tubes  a  little  each  of  coooer 
sulphate,  lead  acetate,  arsenious  oxide,  tartar  emetic 
zinc^sulphate  iron  sulphat.  and  silver  nitrate.  Add  ' 
few  drops  of  hydrochloric  acid  to  all  except  the  last  three 


32 


LAI 


MVi  AT  M.WI'AL 


and  to  them  add  amnionic.  Pass  hydrogen  sulphide 
either  as  a  gas  or  as  a  solution  of  the  gas,  into  each  Note 
the  colour  of  the  precipitates.  This  treatment  with  hy- 
drogen sulphide  is  an  important  process  in  chemical  an- 
alysis. 


CHAPTER  XII 

SODIUM 
Refer  to  Experiments  23-4. 

54.  Examine  a  piece  of  sodium  that  has  a  freshly-cut 
surface,  note  its  appearance,  hardness,  and  whether  it  is 
altered  by  exposure  to  air  or  not. 

55.  Take  a  piece  of  sodium  of  about  ,1  gram  in  weight 
cut  It  into  six  or  eight  pieces  and  drop  these  separately 
on  about  10  c.c.'s  of  water  in  an  evaporating  dish.  Rub 
a  drop  of  the  resulting  liquid  between  the  finger  and  thumb 

What  does   it   feci   like?     Mix   a   drop   of   the 
liquid  with  four  or  five  drops  of  water,  then  taste 
It.     Put  a  strip  of  red  litmus  paper  into  the  liquid 
The  soapy  feeling,  the  peculiar  salty  taste,  and,  especially 
the  turning  of  red  litmus  paper  blue,  are  characteristics 
ot  Alkaline  substances. 

56.  Dilute  10  c.c.'s  of  hydrochloric  acid  to  50  c  c  's 
then  pour  it  into  a  burette  and  let  it  run  through  quickly 
unti  the  nozzle  is  full  of  fluid.  Make  the  solution  from 
the  last  experiment  blue  with  litmus,  then  let  the  acid 
run  into  it  slowly,  and  with  constant  stirring  until  the 
blue  IS  just  changing  to  red. 

What   taste  has   the  liquid   now?     Has  it   the 
same  soapy  feeling  as  before? 
Let  another  drop  of  the  acid  solution  fall  into  the  dish 
What  is  the  result? 
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Repeat    the   experiment,    using     other     acid     solutions 
separately. 

In  ^  hat  respect  im  the  results  agree?     In  what 
respect  do  they  differ? 


CHAPTER  XIX 
lONISATION 

57.  ElectrolysiB.-Use  a  battery  of  at  least  six  dry 
cells,  or  one  of  equivalent  strength.  A  pair  of  platinum 
plates,  such  as  are  used  in  electrolytic  apparatus,  with 
wires  attached,  should  be  fastened  to  a  glass  rod,  as  in  the 
diagram;  the  faces  of 
the  plates  should  be 
parallel  and  held  an  inch 
apart;  a  galvanoscope 
should  also  be  connected 
in  circuit  to  show  whether  FkT'u 

or  not  a  current  is  passing.  Introduce  a  lump  of  dry 
copper  sulphate  into  the  circuit.  This  may  be  done  by 
cutting  a  wire  and  pressing  the  cut  ends  against  the 
lump.  Substitute  for  copper  sulphate,  potassium  nitrate 
(saltpetre),  iron  sulphate  (copperas),  calcium  chloride 
sodium  hydroxide  and  sodium  carbonate  (washing  soda)' 
Dissolve  the  solids  just  used  in  separate  beakers  of 
water,  then  attach  the  battery  wires  to  the  plates  on  the 
glass  rod,  dip  the  plates  first  into  pure  water,  then,  suc- 
cessively, into  the  solutions. 

Are  the  salts,  when  in  the  solid  form,  electrical 
conductors?  Are  their  solutions  conductors?  Is 
water  a  conductor?  Salts,  when  in  solution,  have 
what  properties  that  they  do  not  possess  in  the 
solid  state? 
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Make  at  least  three  solutions  of  different  strengths  of 
any  one  of  the  above  salts,  and  determine  whether  or  not 
the  resistance  to  the  current  varies  in  solutions  of  different 
strength;  and,  if  so,  whether  it  varies  directly  or  inversely 
with  the  strengths  of  the  solution.  Try  if  glycerine  con- 
centrated sulphuric  acid,  solution  of  sugar,  gelatine  foiled 
m  water,  or  coai  oil,  will  conduct  an  electric  current 


Fig.  14 


58.  Make  a  solution  of  copper  sulphate,  put  it  into  a 

tTlr  Y'  ■'  """'  ''  '^  ''*^'''  '^'-  in  colour  slip 
the  platinum  plates  an  inch  apart  on  the  rod  and  dip  thei^ 
into  this  solution,  then  connect  the  battery.  Watch  th" 
plates.     Remembering  that  a  current  leaves  a  battery  by 

whet'he'rthe'  '  ^''^''T'''  '"  '"^  """=  P"'^"  "^'^'"^"^ 
whether  the  copper  is  deposited  on  the  plate  (electrode) 

by  which  the  current  enters  the  electrolyte  (anod^  o 

U^^e  one   by   which   it   passes  out   (cathode).     When   the 

«>lut,on  becomes  decolourised,  evaporate  a'few  drops  o 

It  to  dryness.     Reverse  the  current  in  the  same  solution 

and  notice  the  plates.  Use  the  clean  plate  for  a  ca  hodl  and 
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a  piece  of  copper  wire  for  the  anode,  with  some  of  the 
original  blue  solution  for  the  electrolyte. 

Does  the  decolourised  solution  still  contain  coo- 
per  sulphate?     Where   is    the   copper?     Does    the 
copper  wire  change  when  used  as  an  anode  >     Does 
copper  move  through  the  liquid?     When  a  copper 
anode  is  used,  is  the  liquid  decolourised?     What  is 
the  source  of  the  copper  deposited  on  the  cathode: 
(1)   When  platinum  plates  were  used;  -(2)  When  a 
copper  anode  was  employed. 
59.  Make  a  solution  of  potassium  nitrate,  fasten  strips 
of  htnius  paper,  both  blue  and  red,  to  the  platinum  plates 
and  place  them  in  the  liquid. 

What  does  the  litmus  show?  Why  does  potas- 
sium not  gather  on  one  plate  as  the  copper  did> 
(Refer  to  Manual,  Experiment  23.1  Is  the  fluid 
about  the  two  plates  the  same?  Which  plate 
shows  concentration  of  alkali?  Has  there  been  any 
movement  of  matter  in  the  solution? 


CHAPTER  XX 
EQUIVALENCE 

60  Compare  the  quantity  of  hydrogen  set  free  by 
definite  weights  of  various  metals  acting  on  dilute  acids 
as  follows.-  A  IS  a  beaker  containing  the  acid.  B  is  a  tes 
tube  drawn  out  at  the  bottom  to  a  quarter-inch  tube,  and 
having  m  it  two  loose  plugs  of  asbestos  fibre  C  is  a  gas 
cylinder,  or  more  conveniently,  a  graduate  marked  in  c  c  's 

Weigh  accurately  a  piece  of  zinc  of  about  6  or  7  of  a 
gram  m  weight,  a  piece  of  iron  wire  of  about  the  same 
weight,  and  a  piece  of  magnesium  of  about  .3  of  a  gram 
Lift  the  tube  B  out  of  the  acid,  let  it  drain,  remove  the 


36 


LABORATORY  MANUAL 


until  thewaterisat  the  same 


■mt;it^» ..._._    .  ^      "'    ''^     r^n    pressed  It  in   a   tank 

level  inside  and  out. 
Use  zinc,  iron  and 
magnesium  for  the 
metals,  and  dilute 
sulphuric  and  hydro- 
'hloric  acids. 

Impure    mate- 
results  tn  K»       I     "        "^^"^  "■'"  '^^^^  the 
Finn  t.        °^^   proximately  correct. 

by  one  gram  of  each  metal,  and  how  many 
^1^,^'^  ''  °f  --^-sium.      Does  i 
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CHAPTER  XXIII 
NITROGEN 

plaster  of  paris  or  chalk  run  ^f  .  ^  ""^^  ^  ''"^" 
float  the  wile  on  wte  ^;n^",?''!:"'''•°^"^•^"'^ 
cover  it  with  a  bell  ja  : r  inverted  bo'ttfef  ""' 
dips  under  water      let  th„     I  V  ^  "'''°'^  "'°"t'i 

fumes  entirely  dsappearsL        T'  """'  ''^  ^"''^ 


MTHir  Ac/D 


37 


What  compound  did  the  phosphorus  form  when 
U    burned?     What    purpose    did    the    phosphorus 

fToT  h  ,  IT"""'"''  W'''^'  advantage  comes 
from  the  solub.hty  of  the  white  fumes?  Compare 
Experiments  35,  41,  42  v-uinpare 


CHAPTER  XXIV 
NITRIC  ACID 

nitro^^S':H;^„rc.:ii;i;.r'^'^-''^-»'''esof 

62.  Put  into  a  retort  some  nitrate  of  either  potassium 

mto  a  flask  that  rests  ,n   water   and  heat  the  mixture  in 

he  retort  just  sufficiently  to  keep  bubbles  of  gas  escapine 

freely  into  the  flask.  ^      escaping 

Describe  what  happens. 

Definilio„.~TW  process  here  employed  for  sep- 

arat,„g  and  collecting  the  acid  is  called  DistiUation. 

The  yellow  hqu.d-distillate-that   collects  in   the 

receiver  ,s  mVncaaVi.        When  sufficient  acid  has 

been  collected,  heat  the  liquid  in  the  retort  more  strong^ 

li^ric  r^    K°""  '""^'^  '"'"  ^PP-^  -^  -'  vapours  of 
mtnc  acid    but  an  oxide  of  nitrogen,  due  to  the  decom 

63.  Put  a  few  drops  of  the  acid  into  an  evaporating 
dish  and  warm  it  then  hold  a  piece  of  ignited  charc'a     LI 

toX^'  "      ■  ""^'"'  °^    '"^    "''""^'  '^"'  -' 

Is  there  any  appreciable  change  in  the  rate  of 

iurmng  of  the  charcoal   when  first  brought  near 

the  acid?     Is  there  any  change  afterward?    Given 
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that  combustion  of  charcoal  is  chemically  a  case  of 

cr„r".>°^  '^ ''-  --  ^'---  ^--^t:i 

64.  Again  put  a  few  drops  of  acid  in  the  dish  and  place 
a  shavng  of  phosphorus  in  it.     Cover  quickly  with  a  glass 
•  plate  and  watch  what  happens  ^ 

Did  any  brown  fumes  appear  in  this  case?     Com- 
pare the  rate  of  burning  of  phosphorus  in  air  a"d 
in  contact  with  nitric  acid 
65.  Put  a  little  of  the  add  in  a  tt.  and  boil  it      The 
brown  fumes  that  are  formed  consist  of  oxides  o   nitrolen 
mixed  with  a  little  steam.     The  colour  is  due  ma  S'^ 

^°rScr-rnrro:^iS 

^ee  t.^r^Z:^lZ  "^""^  "  °-- 
66.  Pour  a  few  drops  of  the  prepared  acid  into  a  tt 
and  insert  loosely  in  the  mouth  of  the  tube  some'^h.n  n 
Shavings:    boil   the  acid  and  watch ^tt^  hap  en  "wh" 
the  brown  gas  rises  to  the  shavings 

a  tf^^H-r".'  l""'"  "'■'""'''■y  ('^""""ercial)  nitric  acid  into 
at.,  d,  ute  It  one-half  with  water  and  drop  in  a  pi  of 
zmc.     If  gas  does  not  come  off  warm  the  lijuid 

is  h7dr:ger!':::"  •'"^  '•'•=  ^-^  °^'«-- » ^^ 

Repeat  the  experiment,  using  copper  instead  of  zinc 

''"  68    Crn  f  r»y        '^"'''  '^"  ''^"''^  *°  '"«  blue?      • 
rat/ nf  !h  u  ''  '"«"  °"  ^  P'^'^^  of  "•i'^a.     Notice  the 

rate  of  the  combustion.     Make  a  mixture  of  equiU  parts 
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of  powdered  sugar  and  potassium  nitrate  (saltpetre)  and 
burn  It,  as  before,  but  hold  the  mica  in  a  pair  of  tongs 
lake  as  much  gunpowder  as  will  lie  on  a  five  cent  piece 
and  Ignite  it  with  a  match  held  in  a  pair  of  tongs.  Gun- 
powder IS  a  mixture  of  sulphur,  charcoal  and  potassium 
nitrate  ground  togcthei. 

How  do  the  rates  of  burning  compare'  To 
what  is  the  difference  due?  Could  the  gunpowder 
possibly  burn  at  the  rate  it  does  if  the  oxygen 
came  from  the  air?  Where  does  the  oxygen  come 
from  that  enters  into  the  combustion  of  powder 
enclosed  in  a  gunbarrel  or  in  a  hole  in  a  rock? 
—U 

CHAPTER  XXV 
OXIDES  OF  NITROGEN 

69  Drop  some  copper  into  strong  nitric  acid  and  coW 
lect  the  escaping  gas  over  water  by  displacement.  Whtn 
the  generating  tube  is  filled  with  the  dark  brown  fumes 
take  out  the  stopper  and  quickly  turn  the  tube  mouth 
downward  m  water.  After  the  water  ceases  to  rise,  lift 
the  tube  until  a  bubble  of  air  enters  and  then  replace  its 
mouth  under  water.  Repeat  this.  Fill  a  dry  tt.  with 
the  brown  gas  and  place  it  mouth  downward  in  water. 

Was  there  one  gas  or  two  that  came  off  from  the 
generating  tube?  What  is  the  reason  for  your 
answer?  Was  the  colourless  gas  that  was  collected 
over  water,  air,  or  hydrogen,  or  oxygen?  Why' 
When  air  was  admitted  to  the  colourless  gas,  what 
took  place?  Was  there  a  chemical  change  when 
Lair  was  admitted?  Why  do  you  think  so? 
KHeat  some  ammonium  nitrate  in  a  test  tube  fitted 
^  delivery  tube  so  that  the  gas  given  off  may  be  col- 
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lected  over  water.  When  the  salt  melts,  graduate  the 
heat  so  as  to  keep  a  gentle  stream  of  gas  coming  off.  Test 
the  gas  (1)  with  a  glowing  splinter;  (2)  a  blazing  splinter; 
(3)  burning  phosphorus. 

Will   the  gas  burn?     Will   it  support   combus- 
tion?    How  does  it  affect  Htmus?     Is  it  soluble? 
The  gas  produced  in  this  case  is  nitrous  oxide,  accord- 
ing to  the  equation  NH.NOj-^NjO  -t-  2HjO. 


;  tHAPTER  XXVI 

'%■ 

AMMONIA 
Tf'.  Boil  a  strong  solution  of  ammonium  chloride  with 
lime  and  allow  the  escaping  gas  to  pass  into  a  dry  inverted 
vessel  that  has  a  strip  of  moist  red  litnms  paper  across  its 
mouth.  Test  the  gas  for  solubility,  combustibility,  power 
of  supporting  combustion,  and  weight  as  compared  with 
air.  Before  determining  the  weight,  the  gas  should  be 
dried  by  passing  it  among  lumps  of  fused  calcium  chloride, 
not  through  sulphuric  acid.  Test  the  dry  gas  with  dried 
red  litmus.  Compare  with  the  result  when  moist  litmus  is 
used. 

Hold  a  delivery  tube,  from  which  ammonia  is  escaping 
freely,  about  two  or  three  inches  above  the  top  of  a  gas 
or  lamp  flame. 

Will  ammonia  burn?     Will  it  continue  to  burn 
if  removed  from  above  the  flame? 

72.  Pass  ammonia  and  oxygen  in  about  equal  propor- 
tions into  a  bottle  held  mouth  downward;  when  the  bottle 
is  full  of  the  mixture  try  to  burn  the  gas. 

What  is  the  result?     X»       .       . 

73.  Boil  about  ten  c.c.'s  of  strong  ammonia  solution 
in  a  thick  walled  flask,  and  after  the  vessel  is  completely 
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filled  with  ammonia  gas,  invert  it,  placing  its  mouth  under 
water.  If  the  water  does  not  almost  fill  the  flask  the  ex- 
periment should  be  repeated. 

Nessler's  test  for  ammonia  is  prepared  as  follows: 
Dissolve  3  grams  of  potassium  iodide  in  25  c.c.  of  water; 
add  to  this  gradually,  with  stirring,  a  cold  saturated  solu- 
tion of  mercuric  chloride  (corrosive  sublimate)  until  the 
precipitate  entirely  disappears,  then  add  a  solution  of  15 
grams  of  potassium  hydro.xide  in  15  c.c.  of  water.  Dilute 
the  whole  to  100  c.c.  with  cold  water,  allow  the  turbid- 
ity to  settle,  then  decant  the  clear  liquid.  A  little  of  this 
when  added  to  a  liquid  should  show  yellow  or  red  dis- 
colouration if  ammonia  is  present. 


CH.ATTER  XXVII 


RATE  OF  CHEMICAL  REACTIONS 

74.  (a)  Dilute  a  little  nitric  acid  with  ten  times  its  own 
volume  of  water,  make  a  second  portion  one-half  water 
and  use  a  third  portion  full  strength.  Drop  a  small  piece 
of  marble  into  each. 

Does  chemical  action  go  on  in  all  three  liquids? 

In  what  one  is  the  action  most  energetic,  as  shown 

by  the  disappearance  of  the  marble? 

(6)  Dilute  some  nitric  acid  one-half  with  water  and 

divide  it  into  two  parts;    heat  one  part  to  boiling,  then 

drop  a  piece  of  marble  into  each. 

In  which  fluid  does    the    more  vigorous  action 
go  on? 
(c)  Weigh  out  two  equal  quantities  of  marble,  one  as  a 
lump,  the  other  powdered.     Put  these  separately  into  two 
similar  portions  of  dilute  acid. 
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Which  disappears  more  (jiiickly,    the  lump  or 

the  powder?     Ilcw  is  the  surface  area  of  the  marble 

changed  by  poH.liiiuK  "l'     Why  should  there  be  u 

diflcrcnce  in  the  rate  of  chemical  action? 

75.   Dilute   some  hydrochloric  add   with   ten   times  its 

volume  of  water  and  pour  cciual  <|uantities  into  each  of 

two    test    tubes.     Select    two   similar   crystals   of   sodium 

carbonate;   dissolve  one  in  as  little  water  as  possible,  then 

put  the  dry  crystal  into  one  of  the  tubes  coutainiut;  acid 

and  pour  th»  solution  into  the  other. 

What  is  noticeable  about  the  rates  of  chemical 
action  in  this  case?     What  effect  has  dissolving  a 
mass  on   its  state  of  division?     What  comparison 
is  there  belween   the  quantities  of  kus  set  free  in 
the    ,"  ■,.   cases?     What   comi)arison   of  lengths  of 
time  ^liiinj;  which  the  gas  escapes? 
76.  Bring  into  contact  with  each  other  a  dried  crystal 
of  potassium  iodide  and  one  of  bichloride  of  mercury  (cor- 
rosive sublimate),  notice  if  there  is  any  discolouration.  Rub 
them  to  powder  in  a  very  dry  mortar  and  examine  the  mix- 
ture, still  watching  for  change  of  colour.  Let  a  drop  of  water 
fall  on  the  powder.     Make  a  little  solution  of  each  sub- 
stance separately,  and  pour  the  solution  of  the  potassium 
iodide  into  that  of  the  mercuric  chloride. 

What  effect  has  powdering  and  mixing  two 
substances,  on  the  number  of  points  of  contact 
between  them,  as  compared  with  the  number  of 
such  points  before  powdering?  Provided  chemical 
action  occurs  between  the  substances  in  the  solid 
state,  how  would  it  be  affected  by  increasing  the 
number  of  surface  contacts?  What  would  be  the 
eflFect  on  the  rate  of  chemical  action,  of  powdering 
and  mixing  the  masses?  What  relation  does  dis- 
solving bear  to  grinding  to  powder  in  respect  to 
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separation  of  parts  of  a  mass?     Wliat  relation  is 
there   in   respect    to  points  of  contact   when   two 
solutions  are  mixed,  as   compared   with   powdered 
solids? 
77.  Make  a  solution  of  about  half  a  gram  of  iodide  of 
potassium   in   20  c.c.   of   water.     Make   starch   paste   by 
pouring  about  100  c.c.  of  boiling  water  on  about  one  gram 
of   powdered    laundry    starch    and    stirring    the    mixture 
thoroughly.     A  drop  of  the  iodide  solution  should  produce 
no  discolouration  when  added  to  a  little  of  the  starch  paste. 
Divide    the    iodide    solution '  into    two    parts  in   separate 
bottles,  wrap  one  in  dark  paper  and  put  it  away  in  a 
drawer,  in  the  dark;    set  the  bottle  containing  the  other 
part  of  the  solution  where  it  will  be  exposed  to  bright  sun- 
light.    Test  the  contents  of  both  bottles  from  time  to  time 
by  letting  a  drop  of  the  fluid  from  each  fall  into  a  Httle 
of  the  starch.     \  blue  colour  produced  in  the  latter  in- 
dicates free  iodine. 

The  point  to  be  determined  is  whether  or  not  iodine  is 
set  free;  and,  if  so,  in  which  case  the  reaction  first  takes 
place. 

What  conditions  probably  produced  the  result 
observed  ? 


CHAPTER  XXVIII 

HYDROGEN  CHLORIDE 

78.  Mix  a  large  spoonful  of  common  salt  (sodium 
chloride)  in  a  flask  with  sulphuric  acid,  heat  the  flask  and 
allow  the  gas  to  escape  through  a  delivery  tube.  Cau- 
tiou?'v  smell  a  handful  of  the  gas.  Collect  the  escaping 
gas  b\  leading  it  downward  into  a  dry  vessel.  Test  it 
for  solubihty  and    combustion.     Find  if  it  is  soluble  in 
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coal  oil,  benzine  or  Kusolinc.     I'ill  a  dry  bottle  with  am- 
monia gas,  and  place  the  mouth  of  Ihc  deli%cry  tube  in' 
it.     When  the  bottle  is  full  of  white  fumes  cork  it  and  let 
it  stand. 

What  appearance  has  this  gas  when  it  escapes 
into  the  air  from  the  delivery  tube?  Blow  the 
moist  breath  across  Ihc  jet  of  escaping  gas.  What 
appearance  has  it  when  collected  in  a  vessel?  What 
became  of  the  white  fumes  in  the  ammonia  bottle? 
Was  the  while  cloud  composed  of  1,'ascous,  of  licpiid, 
or  of  solid  particles? 

79.  Make  solutions  of  the  gas  in  coal  oil  and  in  water. 
Drop  some  powdered  marble  into  each. 

Is  there  a  reaction  in  cither  •..•ase? 

80.  Make  a  solution  of  the  gas  in  water  and  add  a  drop 
of  silver  nitrate  solution;  then  add  ammonia  until  the 
liquid  is  alkahnc.  Repeat  the  experiment,  using  instead 
of  hydrogen  chloride,  sodium  chloride  (common  siilt), 
ammonium  chloride  and  iron  chloride  separately  to  form 
the  solutions. 

Expose  the  white  precipitate  in  each  case  to  the  action 
of  bright  light  in  a  window  for  a  few  minutes. 

This  experiment  shows  how  the  presence  of  any  soluble 
chloride  may  be  determined. 

State  clearly   the  eCfect   produced — (1)  by   the 

silver   nitrate;     (2)  by   the  ammonia,     {.?)  by   the 

'  light.     How  may  a  solution  of  hydrogeu  chloride 

.■■^(      be  distinguished   from   that  of   any   of  the   other 

1  '■         chlorides  mentioned? 

81.  Make  a  solution  of  hydrogen  chloride  in  water, 
and  another  one  in  coal  oil.  Use  carbon  pv-ncils  as  elec- 
trodes and  determine,  1st,  if  the  oil  solution  is  an  electro- 
lyte, then  if  the  water  solution  is  one.  Make  sure  that 
the  electrodes  are  dry  when  immersed  in  the  oil  solution. 
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Is   water   alone   an   electrolyte"  Is   there   any 
evidence  tliut  cither  lolution  has  free  ions  in  it? 
Shake  some  of  the  oil  sohitlon  with  water,  let  the  waUr 
settle  to  the  bottom,  then  place  the  dricil  electrodes  in  the 
oil  and  Kriidually  lower  them  into  the  water. 

What  conclusion  does  the  observation  warrant? 
Put  some  powdered  marble  into  the  solutions  of  hydro- 
gen chloride  in  water  aii:i  in  oil. 

What  difference  of  result  is  observed? 


CIIAITHK  XXIX 


CHLORINE 

Note. — Make  all  experiments  with  chlorine  in  a  ventilated 
cupboard  or  fume  chamber. 

82.  Heat  together  some  manganese  dioxide  and  hydro- 
chloric acid  in  a  (lask,  collect  (he  gas  that  comes  off  by 
leading  it  downward  into  a  vessel  whose  mouth  is  covered 
with  a  glass  plate  or  a  piece  of  wet  card.  The  greenish 
•'pilow  gas  is  Chlorine. 

Is    chlorine    soluble?     Does    it    affect    litmus? 

Does  it  burn?     Will  it  support  the  combustion  of 

charcoal?     Place  a  piece  of  phosphorus  on  a  chalk 

cup  in  a  jar  of  the  gas.     What  occurs? 

Let  the  gas  bubble  through  water  in  a  bottle,  and  use  the 

solution,  when  possible,  in  determining  the  properties  of 

chlorine.     The  gas  may  be  collected  over  strong  brine. 

83.  Half  fill  a  test  tube  with  hydrogen,  pass  in  an  equal 
volume  of  chlorine,  test  the  mixture  with  litmus  paper, 
then  hold  the  mouth  of  the  tube  to  a  flame,  test  again 
with  litmus.  Pass  a  jet  of  burning  hydrogen  into  a  jar 
of  chlorine.     Test  with  litmua  the  product  of  the  combus- 
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tion  after   tfHjULiitorine  disct 
bottles  with  a  mixture  hall? 


lears.      Fjll   two  stoppered 
lorine  and  half  hydrogen; 


,Mpose  one  to  the  light  of  a  window,  and  keep*the  other 
\pay  from  bright  light.  Teft  the  contents  from  day  to 
(fey.  •  ■  ■ 

||84,  Pour  some  satbrated  solution  of  chlori^into  each 
•  of  two  stoppered  bottles,  put  one  where  it  will  be  exposed 
■^'    to  bright  light  and  the  other  in  a  dark  place;    test  these 
with  litmus  paper  once  a  week  to  find  if  either  undergoes 
#»    any  chemical  change.     Note  what"  that  change  is,  which 
shows  it  first,  and  the  length  of  time  before  it  can  be  de- 
tected in  the  other.  ' 

What  condition  is  different  in  the  two  cases? 
How  is  the  difference  in  rate  of  reaction  accounted 
for? 

85.  Compare  the  appearance  of  red  lead  with  that  of 
lead  peroxide.  Shake  up  with  water  in  a  tt.  as  much  of 
flie  former  as  will  lie  on  a  five  cent  piece;  let  chlorine 
bubble  through  the  water  until  a  strong  solution  of  it  is 
obtained,  then  let  the  w#ole  stand  for  half  a  day.  Test 
the  liquid  for  acidity. 

86.  Use   two   stoppered   bottles;    put   into  one   some 
,  pieces  of  colouKd  cotton  or  linen  that  have  been  well 

dried,  and  into  the  other  some  similar  pieces  that  have 
been  dipped  in  water;  then  fill  each  bottle  with  chlorine 
that  has  passed  slowly  through  strong  sulphuric  acid  to 
remove  all  mq^sture  from  the  gas.  Close  th<  bottles  aad 
compare  the  results. 

What  condition  varied  ifi  the  two  bottles?     To  • 

what  is  the  difference  in  effect  due? 

^87.  Mix  some  "Chloride  of  Lime"  (bleaching  powder) 

with  watv  in  a  tt.,  add  a  little  dilute  sulphuric  acid,  and 

determine  if  chlorine  is  given  off.     Dip  some  pieces  of 

inkstained  paper  and  of   coloured   cotton  in  some  water 
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that  has  enough  bleaching  powder  in  it  tlFfoat  the  fabric 
thickly,  then  removit  the  jlfeces  to  a  vessel  containing 
very  dilute  acid.  Try-  whether  or  not  a  similar  result 
would  be  obtained  by  adding  acid  to  the  powder  and  water 
while  the  (Jyed  matenul  is  in  it. 

•  *8.  Determine    whether    a    solution    of   chlorine    will 
yield  results  similar  to  those  obtained  in  Experiment  80. 
If  so,  how  may  chlorine    solution    be  disting- 
uished from  solutions  of  hydrogen  chloride  and  of 
ammonium  chloride? 
89.  Heat  a  mijfture  of  nitric  and  hydrochloric  acids  in 
a  tt.  that  has  a  strip  of  litmus  paper  across  its  mouth. 

Is  chlorine  given  off? 
Float  a  small  piece  of  gold  leaf  on  a  few  drops  of  nitric 
acid  in  an  evaporating  dish  and  let  it  stand  for  a  couple 
of  hours.     Do  the  same  with  hydrochloric  acid.     After- 
wards pour  the  two  together. 

Does  either  acid   alone  affect   the  gold?     Does 
the  mixture?     How  raay_  this  result  be  explained? 
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Note. — These  experiments  should  be  ma()p  in  a  fume  cham- 

90.  Mix    some    potassium    bromide    with    manganese 

dioxide  and  pour  the  mixture  into  a  test  tube  containing 

sulphuric  acid.     By  means  of  a  delivery  tube,  lead   the 

generated  gas  ^ownward  into  bottles.     When  two  or  three 

'  have  been  filled,  cork  them  and  pass  the  rest  of  the  gas 

into  water  in  a  bottle.     Carefully  avoid  inhaling  this  gas. 

What    appearance    has     the    gas?     Determine 

whether  it  is  soluble  or  combustible?     What  effect 

has  it  on  litmus  solution?     What  effect  has  it  on 

pieces  of  coloured  cotton?     Add  some  solution  of 
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the  gafiV'  silver  nitnrije  solution,  then  make  the 
whole  alkaline  with  Mmonia.  Lower  a  piece  of 
phosphorus  in  a  chalk  cup  into  a  bottle  of  the  gas. 
Pass  some  of  the  gas  into  a  tt.  surrounded  with  ice. 
This  reddish  brown  gas  or  liquid  is  bromine.    ^ 

91.  Make  a  solution  of  potassium  bromide,  add  some 
chlorine  solution  to  it.     Heat  the  liquid. 

W  What  gas  passes  off?     Pass  the  gas  into  starch 

•made  by  stirring  some  laundry  starch  with  boiling 
water  to  a  thin  paste.  Bromine,  when  present  in 
quantity,  stains  starch  yellow. 

92.  Put  about  5  c.c.  bromine  solution  into  a  bottle 
and  add  a  thin  shaving  of  phosphorus.  After  the  liquid 
loses  its  colour  pour  it  into  a  tt.  fitted  with  a  delivery 
tube.  Test  the  liquid  for  acid  properties,  then  heat  it  and 
pass  the  escaping  gas  into  a  little  cold  watel'i'    Test  this 

id  for  acidity,  then  drop  in  a  little  chlorine  solution. 

[acid  liquid  is  a  solution  of  hydrobroraic  acid.  _^ 

to.  Heat   a   little   potassium   iodide   with   manganese 

Ibxide  and  sulphuric  acid  in  a  tt.  fitted  with  a  cork  and 

a  straight  delivery   tube  all  held   vertically.     Drive   the 

black  deposit  into  the  delivery  tube  by  heating  from  below. 

What  tolour  is  the  vapour?     What  appearance 

has    the    condensed    solid?     This    solid    is    iodine. 

Scrape  off  a  little  of  the  iodine  and  shake  it  with  a 

few  drops  of  water.     Is  it  soluble?     After  standing 

for  a  day  add  a  little  ^cohol  to  part  of  the  solution 

that     contains     undissolved   iodine,    and    a    little 

solution  of  iodide   of   potassium    to   another  part. 

What  is  the  conclusion  regarding  the  solubility  of 

^liiR^n  water,  in  alcohol,  and  in  potassium  iodide 

^jl|M||Mtion? 

W.  Drop  a  very  small  piece  of  solid  iodine  into  some 
boiled   starch.     Will  iodine  solution  act  similarly?    The 
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discolouration  of  the  starch  is  a  test  for  me  presence  of  free 
iodine.  Drop  a  crystal  of  fodide  of  potassium  into  some 
starch.  After  it  has  dissolved,  add  a  few  drops  of  chlorine 
solution  to  some  of  the  starch,  and  to  another  portion  of 
it  add  a  little  bromine  solution. 

What  does  this  indicate  about  the  relative  com- 
bining powers  of  chlorine  and  iodine  for  potassium? 

95.  Put  about  5  c.c.  of  iodine  solution,  made  with 
alcohol,  into  a  tt.,  and  add  a  thin  shaving  of  freshly-cut 
phosphorus.  Let  the  whole  stand  until  it  is  colourless, 
then  pour  off  the  liquid  and  test  it  for  acid  properties. 
Heat  this  liquid  in  a  tt.  fitted  with  a  delivery  tube  and 
pass  the  gas  that  comes  off  into  about  5  c.c.  of  cold  water. 
Test  this  water  with  blue  litmus  paper ,  afterwards  shake 
it  with  a  little  starch  and  add  a  drop  of  chlorine  solution. 
The  gas  that  passed  over  was  hydrio^  acid. 

Compare  the  three  elements,  chlorine,  bromine  j 
iodine,  in  regard  to  (1)  their  preparation;  (2)ftheirl 
ditions  at  ordinary  temperature;  (3)  their  colours! 
their  chemical  activity  as  measured  by  their  actioi^ 
litmus  and  by  their  power  of  displacing  one  another; 
(5)  the  action  of  phosphorus  upon  their^olutions ;  (6) 
their  solubility. 


CHAPTER  XXX 

CARBON 

96.  Put  some  pine  shavings  in  a  hard  glass  tt.,  insert 
a  perforated  cork  in  the  mouth  of  the  tube,  heat  the  tube, 
at  first  slowly,  then  to  redness. 

What  change  do  the  shavings  undergo?  .What 
passes  out  of  the  tube?  Will  the  gaseous  substances 
burn? 

D 
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After  the  snavings  have  become  charred  to  a  black 
mass,  let  the  tube  cool  and  turn  the  contents  out  on  a 
piece  of  paper. 

*  Will    the   black   residue   burn?     Why   did    the 

shavings  not  burn  in  the  tube? 

Heat  as  much  white  sugar  as  can  be  heaped  on  a  ten 
cent  piece,  in  a  flame  on  a  thin  sheet  of  mica  or  of  iron. 
When  the  mass  turns  quite  black  and  vapour  ceases  to 
come  off,  let  the  residue  cool. 

Will  the  black  substance  burn? 

That  which  remains  from  the  treatment  of  both  shav- 
ings and  sugar  is  Carbon,  mixed  with  a  little  mineral  im- 
purity which  remains  as  ash  whw  the  carbon  is  burned. 
The  residue  from  the  wood  is  known  as  charcoal,  that 
from  the  sugar  is  commonly  called  coke. 

97.  Close  the  hoks  at  the  base  of  a  Bunsen  burner  to 
luce  a  luminous  name,  and  hold  a  tt.  filled  with  cold 

in  l^t  flame  near  the  top.     If  gas  is  not  available, 
bohol  lamp  will  serve  the  purpose,  provided  a  little 
of   turpentine,   or   dissolved   camphor,   be   poured 
into  the  alcohol. 

Wh^is  deposited  on  the  tube?     Scrape  a  little 

of  this  material  off  on  paper  and  examine  it.     What 

was  the  source  of  the  black  substance? 

Tear  a  piece  of  soft  paper  in  two,  saturate  one  part  with 

spirits  of  turpentine,  then  burn  them  separately,  the  dry 

one  first. 

What  substance  is  formed  iti  one  case,  but  not 
in  the  other? 
The  black  deposit  on  the  tube  and  the  black  powder 
(smoke)  that  passed  of^^^m  the  saturated  paper  are  both 
lampblcuk,  a  form  of  carbon  commonly  called  soot. 

98.  Hold  a  small  piece  of  graphite  in  a  (lame  for  sev- 
eral minutes.     If  theBaturally  occurring  mineral  is  not 
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available,  a  piece  of  the  "lead"  out  of  a  soft  black  lead 
pencil  may  be  used. 

99.  Put  the  end  of  a  splinter  of  wood  in  strong  sul- 
phuric acid  and  let  it  stay  there  for  a  day;  then  wash  it 
and  compare  it  with  a  match  that  has  been  half  burned. 

What  effect  has  the  acid  on  wood? 
Put  a  spoonful  of  white  sugar  in  strong  sulphuric  acid 
in  an  evaporating  dish  and  let  it  stand  for  twenty-four 
hours;  then  wash  it  by  filling  the  dish  with  water  and, 
after  the  solid  matter  settles,  pouring  off  the  liquid.  Re- 
peat the  washing  a  couple  of  times. 

Examine  the  black  residue  in  regard  to  taste, 
solubility  and  combustibility.  Compare  the  re- 
sults with  those  obtained  in  Experiment  96. 

100.  Select  a  four  or  five-inch  tt.  about  half  an  inch  in 
diameter,  fill  it  with  ammonia  gas  and  hold  it  mouth  down- 
ward in  mercury  in  a  dish.  There  should  be  more  than 
enough  mercury  to  fill  the  tube.  Prepare  a  piece  of  N^'l 
well-burned  charcoal  by  paring  it  so  that  it  will  eaa^ 
pass  into  the  tube,  then  holding  it  in  the  flame  until  it'ta 
glowing  on  all  sides.  Notice  if  the  mercury  has  risen  in 
the  tube.  Put  the  charcoal  into  the  mouth  of  the  tube 
while  the  latter  is  still  inverted  in  the  mercury. 

How  does  the  volume  of  gas  in  the  tube  change? 
Did  the  ammonia  escape?     Is  there  any  indication 
that  it   either   dissolved   in  the   mercury   or  com- 
bined with  it? 
When  the  mercury  ceases  to  rise,  Uft  the  tube  very  gently 
out  of  the  dish  so  as  not  to  spill  the  mercury,  turn  the 
charcoal  out  and  smell  it  cautiously.     Heat  the  charcoal 
gently  in  a  dry  tube  to  determine  if  it  gives  off  ammonia. 
What  became  of  the  ammonia  in  the  tube  over 
the  mercury? 
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CHAPTER  XXXI 

OXIDES  OF  CARBON 

101.  Put  about  2  grams  of  crystals  of  oxalic  acid  into 
a  tt.  and  pour  in  sulphuric  acid  enough  to  cover  it;  heat 
the  mixture  and,  by  means  of  a  delivery  tube,  pass  the  gas 
that  comes  off  into  two  inverted  bottles  filled  with  a  weak 
solution  of  caustic  soda,  and  standing  in  the  same  liquid. 
When  the  bottles  are  full,  let  them  stand  over  the  solution 
until  no  more  gas  is  soluble.  Meantime,  try  to  burn  the 
gas  passing  out  of  the  delivery  tube.  Lift  the  two  bottles 
out  of  the  soda  solution,  cover  one  with  a  glass  plate,  hold 
the  other  one  to  a  flame,  then  test  the  contents  of  each 
with  lime  water. 

Lime  water  is  prepared  by  stirring  lime  with  water  and 
letting  the  whole  stand  until  clear.  It  is  a  solution  oi 
calcium  hydroxide,  Ca(HO)j. 

Carbon  dioxide  causes  lime  water  to  turn  milky  (white) 
in  colour. 

The  gas  that  burned  was  carbon  monoxide,  CO.  The 
gas  that  titrned  the  lime  water  milky  was  carbon  dioxide, 
COj.  Test  the  residue  from  the  burning  gas  with  lime- 
water. 

What  colour  was  the  flame? 

102.  Twist  a  piece  of  wire  around  a  small  lump  of 
charcoal,  and,  using  the  wire  as  a  handle,  ignite  the  char- 
coal and  put  it  in  a  bottle  of  oxygen;  cover  the  mouth 
of  the  bottle  with  a  wet  card  or  a  glass  plate.  After  a 
minute  or  two  withdraw  the  charcoal  and  shake  the  con- 
tents of  the  bottle  with  lime  water. 

103.  Put  into  a  hydrogen  generating  bottle  a  lump  of 
sodium  carbonate  (washing  soda),  and  pour  on  it  some 
hydrochloric  acid,  diluted  with  ten  times  its  own  volume 
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of  water.     Collect  the  gas  that  comes  off  by  displacing 

water  froth  inverted  bottles. 

Test  the  gas  with  lime  water,  also  determine  if 
it  is  soluble  and  how  it  acts  when  a  blazing  splinter 
is  thrust  into  it?  Set  one  of  the  bottles  filled  with 
the  gas  mouth  downward  in  sodium  hydroxide 
solution.  Find  whether  or  not  a  piece  of  lime- 
stone, calcium  carbonate,  CaCOj,  may  be  used 
instead   of    the   soda? 

104.  Balance  a  dry  flask  and  stopper  on  a  scale,  then 
fill  the  flask  with  carbon  dioxide  that  has  been  dried  by 
passing  through  strong  sulphuric  acid,  or  calcium  chloride 
lumps.  When  the  flask  is  full  insert  the  stopper  and  put 
it  back  on  the  scale-pan. 

105.  Set  a  piece  of  burning  candle  in  the  bottom  of  a 
beaker;  then  try  if  carbon  dioxide  will  pour  downward, 
as  water  would,  into  that  vessel. 

What  conclusions  may  be  drawn  from  this  ex- 
periment? 

106.  Pass  a  stream  of  carbon  dioxide  through  some 
lime  water  contained  in  a  tube.  When  the  liquid  be- 
comes white,  divide  it  into  two  parts;  add  a  drop  of  hy- 
drochloric acid  to  one  part,  but  continue  to  pass  the  gas 
through  the  other  part  for  ten  minutes.  After  the  solution 
becomes  clear,  divide  it  into  two  parts  and  pour  each  into 
a  clean  tube.  Boil  one,  add  a  few  drops  of  ammonia  to 
the  other. 

What  changes  were  noticeable  in  the  solution 
while  the  gas  was  passing  through  it?  What  changes 
occurred  afterwards?     Account  for  these. 

107.  Fasten  a  piece  of  magnesium  ribbon,  about  three 
inches  long,  in  a  slit  in  the  end  of  a  stick.  Ignite  the 
magnesium  and  quickly  lower  it  into  a  bottle  of  carbon 
dioxide.     Compare  the  result  with  that  obtained  when  a 
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blazing  splinter  was  used,  Experiment  103.  After  the 
magnesium  ceases  burning  shake  the  contents  of  the  bottle 
with  a  little  water. 

How  are  the  black  particles  accounted  for?  i{ 
combustion  takes  place  only  in  free  oxygen,  how 
may  the  following  facts  be  explained:  (1)  Carbon 
dioxide  is  73',;  oxygen  by  weight,  air  is  23'}',  ;  a 
splinter  will  burn  in  air,  but  will  not  burn  in  carbon 
dioxid  ?  (2)  Magnesium  will  burn  in  carbon  diox- 
ide, a  splinter  will  not,  but  both  will  burn  in  air? 

108.  Kill  a  bottle  with  carbon  dioxide  and  shake  the 
gas  well  with  a  little  water,  then  test  the  water  for  acidity. 
The  litmus  may  have  to  stand  in  the  solution  for  some 
time  before  it  shows  a  change.     ^ 

109.  Fill  a  large  bottleirof  at  least  a  quart  capacity 
with  exhaled  air  by  breathing  into  it  two  or  three  times 
through  a  tube -passed  to  the  bottom  of  the  bottle,  t^en 
shake  the  contents  with  about  a  spoonful  of  lime  watet. 

Fill  the  same  bottle  with  water  and  empty  it  in  the 
open  air,  then  test  the  contents  again  -with  lime  water. 

What  conclusion  i..ay  be  drawn  about  the  com- 
position of  exhaled  air?  • 


CHAPTER  XXXIII 

ACETYLENE 

110.  Fill  a  small,  wide-moutlie*-bottle  With  #ater  and 
turn  it  mouth  downwairi  in  a  plate  of  water,  wrap  a  small 
piece  of  calcium  carbide  in  paper  annj  slip  it.  under  the 
mouth  of  the  bottle.  When  the  bottle  is  about  one-tenth 
filled  with  the  gas  that  rises  from  the  carbide,  lift  it  out  of 
fte  water  so  that  air  will  mix  with  the  gas.  After  stand- 
ing for  a  minute  ignite  the  mixture.     Make  this  experi- 
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meat  three  times,  but  the  second  time  half  fill  the  bottle 
with  the  gas;   the  third  time  fill  the  bottle  completely. 

What  differences  are  t^ere  in  the  burning  of  the 
three   bottles   of   gas?     In   which   case   was   most 
carbon  set  free?     Why  was  more  carbon  set  free 
one   time   than  another?     In  which  case  was  the 
combustion  most  rapid?     Why  was  there  a  varia- 
tion in  the  rate  of  the  reaction?     What  was  the 
source  of  the  carbon  that  was  given  off?     How  can 
a  colourless  gas  set  solid  carbon  free^from  it? 
111.  Use  a  stoppered  bell  jar  or  a  bottom- 
less bottle,   fitted  with  a  delivery  tube   drawn 
out  fine  (the  nozzle  of  a  blow-pipe  is  very  suit- 
able).    Open  the  clip,  I>Vess  the  bottle  down  in 
a  tank  of  water  until  it  is  full,  close    the   clip 
and  raise  the  bottle  until  its  mouth  is  only  a      ^j 
little  way  below  the  surface  of  the  water.     With    /^IT  >i 
a  pair  of   tongs  or  a  piece  of  wire   hold  some  ' 
carbide  wrapped  in  muslin  under  the  mouth  of 
the   bottle   until  it   is   full   of   gas.     Press  the 
bottle  down  so  as  to  keep  the  level' of  the  water 
outside  tfffe  bottle  about  two  inches  higher  plan 
that  inside,  then  open  the  clip  and  igiiite  the 
gas  at  the  jet.     When  the  gas  is  all  consumed, 
refill  the  bottle  with  coal  gas  and  burn  it  in  the  same  way. 
Compare  the  brightness  of  the  two  flames.  -Re- 
float the  experiment  with  acetylene,  but  use  for  a 
Burner  a  tubtf-*f  ehe-eighth  of  an  inch  bore.     What 
difference  between  the  na*ne  now  and  what  it  was 
in   the   fosmer  case  in    regard   to:   (1)  brightness; 
(2)  carbon  given  off? 
112.  Fill  the  bottle  used  in  Hhe  last  experiment  with 
acetylene.     Light  the  escaping  gas  at  the  jet,  as  before; 
then  slowly  lift  t^ie  bottle  out  of  the  water  whUe  the  gas 
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i»  still  burninR.     Hold  the  liottle  so  that  if  a  flame  flashes 
out  of  the  lower  end  it  will  do  no  harm. 

»  How  is  the  action   that  occurs  accounted  for? 

Mention  three  notable  points  connected  with  the 

burning  of  acetylene, 


FLAME 

113.  Examine  a  candle  flame  that  is  burning  steadily 
and  free  from  the  influence  of  wind  currents. 

What  colour  is    the  lower 

part   at    1    where    it    spreads 

out  ?     What  is  observed  at  the 

parts  numbered  2  and  5? 

Cut   a  shield    the    shape    of    the 

flame  in  the  figure,  close  one  eye  and 

hold    the    shield    at    such  a  distance 

from  the  other  one  as  to  covef  the 

bright  part  of  the  flame,  but  not  the 

margin. 

What  appearance    'as  the 

outer  fringe  of  the   :  drae? 

Cut  several   strips   of   • '.iff   white 

paper,  each  about  two  inches  wide; 

Pio.  17  these   are   to  be  held  horizontally  in 

the   flame   just  long  enough  to  show 

charring,  but  not  to  become  ignited.     Hold  one  in  each  of 

the  positions  marked,  2,  3,   4,   5 ;   number  them    as   they 

are  taken  out  and  lay  them  side  by  side  in  order. 

How  o  you  interpret  the  ring  markings?  What 
meaning  attaches  to  ring  markings  on  some  papers 
and  not  on  others?  At  what  parts  of  the  flame 
were  the  rings  most  noticeable  i  Broiu  what  part 
of  the  flame  did  the  black  deposit  come?     Does  a 
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candle  Hanie  burn  uniformly  throughout  its  mass? 

What  message  does  the  paper  bear  concerning  that 

part  of  the  flame  at  2,  just  above  the  wick?     What 

relation  is  there  between  the  rings  and  the  grey 

portion  of  the  flame? 

Close  the  holes  at  the  base  of  a  Bunsen  burner,  light 

the  gas  and  turn  the  flame  down  until  it  burns  quite  stead- 

,  ily ;  a  height  of  about  two  inches  is  suitable.   Explore  that 

flame  with  slips  of  paper  and  find  if  it  corresponds  in  struc- 

-ture  with  the  candle  flame. 

114.  Fin  a  tt.  with  cold  water  and  hold  it  in  the  non- 
luminous  (blue)  flame  of  a  Ilunsen  burner  or  of  an  alcohol 
lamp.     Repeat  the  experiment,  but  use  a  luminous  flame. 
What  is  the  deposit  on  the  tube?     Hold  a  cold, 
dry  bottle  inverted  over  a  flame  for  a  minute  or 
so.     What  conclusions  do  these  obser\ations  war- 
rant   regarding    the    composition    of    the    burning 
.matter? 
lis.  Project  into  a  non-luminous  flame  successively,  a 
little  finely  ground  charcoal,  lampblack,  powdered  chalk 
from  an  eraser,  and  very  fine  iron  filings.     Also  hold  in 
the  flahie  a  piece  of  fine  wire. 

How  does  the  presence  of  the  solid  affect  the 
quantity  of  light  emitted?     What  is  the  source  of 
the  luminosity  of  the  flame  when  the  solid  is  in  it? 
A  glowing  solid  is  said  to  be  incandescent. 
116.  Make  some  touch  paper  by  soaking  some  strips  of 
soft  paper  in  a  concentrated  solution  of  potassium  nitrate 
and  drying  them.     Ignite  one  of  these  strips  and  hold  it 
close  to  the  holes  in  a  Bunsen  burner  in  which  gas  is  burn- 
ing with  a  non-luminous  flame.     Burn  another  strip  inside 
of  a  clean,  dry  bottlp,  held  mputh  downward.' 

Is  the  smoke  made  tip  of  material  that  is  not 
gaseous?     ^hat  is  the  evidence  of  this? 
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117.  Hold  a  piece  of  fine  wire  gauze,  preferably  copiMir 
or  brass,  about  two  inches  above  the  top  of  a  gas  burner, 
turn  on  the  gas  and  light  it  above  the  gauze.  Let  the 
gauze  cool,  then  bring  it  gradually  down  on  top  of  a  flame. 
Bring  a  tt.,  filled  with  cold  water,  slowly  up  against  the 
side  of  a  flame. 

Does  the  flame  touch  the  cold  glass? 

118.  Put  some  broken  soft  coal  in  the  ^ 
tt.  of  the  apparatus  figured  and  heat   it, 
leaving  all   tube  connections  open. 
Notice     the    appearance    of    the 


vapour    that 

parses  out.  Try 

t  o    ignite     i  t. 

After     burning 

a    short    time, 

close  the  clip  so 

as  to  drive  the 

escapipg    gases 

through      the 

water   in    the 

tube.      Ignite 

t  h  e     escaping 

gases    at     the 

other  vent. 

Examine  the  brown  substance  left  in  the  water. 

What  does  it  appear  to  be?     Pour  off  a  little  of  the 

water  into   a   test  tube  and  add  some  of    Nessler's 

reagent  for  ammonia.     Test  the  water  with  litmus. 
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CHAPTER  XL 
WATER  OF  CRYSTALLISATION 

119.  Put  a  crystal  of  copper  sulphate  in  a  te^i  luoe. 
Hold  the  tube  huriiri  ntally  and  heat  it  gradually  until  it 
becomes  red-hot. 

What  change  occurs  in  the  composition  of  the 

crystal?     What  change  is  there  in  its  appearance? 

Add  a  drop  of  water  to  the  powder  after  the  tube 

has  cooled. 

Repeat   the  experiment  using   (1)   a  piece  of  crystalline 

(ice  like)  carbonate  of  soda;   (2)  some  of  the  white  powder 

of  carbonate  of  soda. 

Select  a  piece  of  bright  green  ferrous  sulphate  (cop- 
peras or  green  vitriol)  und  heat  it  in  the  same  way. 

What  conclusion  in  each  ease? 
If  there  is  opportunity,  crystals  of  these  substances  may 
be  prepared  for  the  experiment  by  making,  separately, 
saturated  solutions  of  them,  and  allowing  these  to  evap- 
orate slowly. 


CHAPTER  XUII 


SODIUM 

120.  Cut  a  piece  of  sodium  weighing  .1  gram  (about 
as  large  as  a  grain  of  wheat)  into  five  or  six  pieces,  drop 
these  separately  on  about  5  c.c.  of  water  in  an  evaporating 
dish,  covering  the  dish  each  time  with  a  glass  plate.  Test 
this  liquid  with  litmus.  Mix  a  drop  of  this  solution  with  five 
drops  of  water  and  taste  the  mixture.  Using  a  burette, 
neutralise  the  water  in  the  dish  with  dilute  hydrochloric 
acid,  1   to  5.     Taste  the  liquid  after  neutralisation      Evap- 
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orate  the  liquid  to  dryness,  preferably  over  a  waterbath 
Taste  the  solid. 

What  is  left? 
Write  equaUons  for  these  reactions.     Refer  to  Chap.  XII. 


CHAPTER  XLIV 
CALCIUM 

121.  Treat  a  little  common,  non-crystalKne  limestone 
with  dilute  hydrochloric  acid.  Repeat  the  experiment 
using  crystalline  limestone,  either  marble  or  caldte. 

Is  there  any  difiference  in  the  liquids  left  in  the 
tubes  when  all  gas  has  passed  off?  What  conclu- 
sion about  the  composition  of  the  two  kinds  of  rock? 

122.  Lay  a  small  piece  of  limestone  on  moist  lUmus 
paper,  then  heat  a  splinter  of  that  limestone  until  it  glows 
for  two  or  three  minutes. 

Has  the  heated  part  changed  in  appearance? 
Will  it  affect  moist  litmus? 

123.  Treat  a  httle  freshly-burned  lime  with  dilute  acid 
then  some  lime  that  has  been  exposed  to  the  air  for  several 
months,  and  some  mortar  that  has  been  on  a  waU  for  a 
long  time. 

What  difference  in  the  results  observed?  Test 
any  gas  that  comes  off  to  see  if  it  is  CO,. 


